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(£J _<-oJI dlj^Jsl Laic 30 6 jl <jjl_^J> ^jxiLlLcs J_la dSj 

ujj _culjjaJI A Jl CulSlI t-J_tu^ll LlaL^a (<j^a> ( jj _jL^J 

(JLocVL (^-1^ (j-s^L^_Uj^fl dcL-u La I J_Aj (< \ is~i ~s_ulll 


j _a^/l <LaJL*_aj £j I_auilll ^ _La-t-^jj A _ijUjJI 

<dUj J-X-Jj .<jial^-ajJ Jx^.j 4jul_t^aJI CjL^jII 

^LSljVI Cj _clila olJ-> ^jl laj . J_ajJI /jC ^uLlLII I c_S_ &JJ> 

* ^ 

La I J-Ajj l^la^l Li 65 ^j-a Jl | CxS^ Li in 11 ^-3 Cj La_i_u 

CjIj \ a Till j)aai^>a i (HIV ^jxiJjjJlII JJJa > JlLaa 

uiuit Cj LjjI t_jj <_uJ Cv^k Cj I jJLcajljll I ^j| 

j-c-^llxJI u^wal jlj .quantum 3 loJ-aSJI < : <yd<d i 

((J_c-a>jJI)) ^La. (j-U Jl J !L>VI L^jlS t— i» i^> ^ <_ 2 k.j J ^Jl < 1_l3J 




_cjLi V { - J ^ J - u L=^ (C, I Ji I LaS <<_L3jij_aa ((J 11)) j 

^j-a^l j a 3. i Vj . A _a 1 _ula 0^1 (j\-* J ixajJl 

Intel j IBM CjC&j _dJI ^jjl^.LJI jl <JaA 3 dilj ^_lc 

j-c^»j (^ 3 JI frequency wall jjjjJI jl ^-a_cau La ^q i iVN W < 1 J 
CjI ^laX II 4 jlJiJ) < sI Mall CPUs Cil J^jJI i illj 4 Cj_<-u ^clal lj^.L^. 

BEYOND SILICON (*) 
array (\) 
carbon nanotubes (Y) 

( r ) 

random-access memory (i) 
von Neumann bottleneck (o) 
metal-oxide-semiconductor field-effect transistors (*i) 

.4jjUI :jl (V) 



- eUJXI - 

viohrv Pav\us 

. ^ v c ,X\\\^ <Qa^l_3\a> 

VaiVJWT TecV\no\ogs/ Rev\e\N iHaluve c\N we6 _al\ o d\_ad\ j_ 


HP j IBM j Intel Jila CjLp_dJI JX \ I^a Jj l m3 ^ <u-U_ ccjJI 

I jjjWillj Cj— 2k_dl ^_lc CjIjVjjJI Ja ^Aj^LjJI jl 

6 jlcl dUj c_J_UaJJj . <j(j-a> Jj_jll J-X-J La _lie c_^l_cliJ^I 

^jJjJ <j11jJI 1 g \ \lnT\ _jJI 5a_cuL-u^fl Cj \ \ i-Aj-lll ^-3 ^JllJI 

; ' /jJ\j J| ^J| e_jj_cuLaJI <ja_cii J Llckl J_Aj . L^Jdllaj 

^jjj SjjiL_ ccjJI Ja iA 6j(jiL^i.l dl^(_cu^fl Ja JjJjlj CjI j 


graphene (j'calj£JI j (,r) 9j^jljJI i_ujL») ji .1 jisJ —^1 

^ a* ''CjlijjiUVI (jc. I jlcj .<i— 
photonics Ol—HP j IBM j .Ml ^1 Jl 

,u*m\ Ja Vja 5 jlJ_c^ 1 pLA \\ ^ JaaJu_aJ 

<Jjlllll Jjj j| <dUj Ja J-Xa I ^-11 HP 5^^_JuJI (_ 

L^-Jj-oj 5^j_dJI OJa_uj jlj . l^ldJ OLujJlfLl^Ll 5a_i_uLi_u^l 


^■jj-ajJI IdAj dhe Machine «3J^I»Jjaj^ula <t_aj^uUJ LJjl 

^jL^JIj Cj laajjlvl^I ^_3 J^lAll JalaajVI Ja 5llLJI J_aj_cua 

. memristor (r) Sj-Sl j ^jLLa j <<Ljk S,jai Ha < al H^jJI 

6 JC Ha laalauHlaj 4 j j) full _ 2 k ^jJI JjHI IH jc_a i_uaj 

JajHaJI Hallaj J\a j_aaJL I jjJ ak. ‘ 4j AC 

i^ai ^ (4) (ram) juai aai j_ax 115 jsiai ^ 


((^lajj)) CPU a \ -vj) 11 ^1_uuJI <aa HjJI wt^tj . Lx_a Jl_» 

!Cj 1 jJLojJjJ ll 1 Ja Ja olajdll 6 H ^-a Jj^l caj_cuL^JI 

: neurons 3 -Ltu 2 jd I LMHJJ 5^a LLa 5lajaa J-oxJl L^alHaLjV 


J a *>k 11 ^c_a_cjjaj .CjLajlx.il JajSaj JHj JajH Ju jjoj ^-^_3 

jj nonvolatile jaHI jJI j volatile ^_t-u*HHX I J_ajHill j_ j 

jl.X 1 c_ 3 jJU Loa c 3alHaJlj 5_cajala <lHjlaa 6 ^ LHJl 

<Ju-uj22kJI Cv11 Ua ^ U3^ > 

. Jjl ciH J-a 


Jak^a JjHLI LJlak. Ijdlak. CjlalHlI Ja ^ I JJia V jHlj 

<k_3alJ^-ll jl 5Jja^.11 c_ja culjHI ^3 5_aJ jHLcHI Cilaa_dJI 

^_aj . 5_a jLlll UalsJI CjI JJu-uJI ^3 < L^aljH ^_j_<-ujaJ ( Jlak j I 

CjlallaJI ^J- 2 kl Ju-oa Jl ^JiHa <^JLaJI J3x 11 <1_iL^a 

Ja J itt^.11 ^jaLcaHI <>1 J^fl ^a,.V3j ^Jc jll Jl^fl ^Jc 
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.quantum L&-Ud 

2a^IjSJI _jIxj jjih_cull I_a^Lkj <dUj £._aj 

L$_> ^1 dljl jII C£j £alLJI Jji ^_ a j <bandgap ^LJ^j 

^jl d L^^jL-I^LI A * ^-il1 dl^jldll^ &^)J—11 Jj^- Cj Lj^I^k l^f 1 
(J \ \m ^Jdj . g- Lj ^ 11 Jju-<a^J ^_S dljLuJJJ 3jj^»i 1 ^ Y Id cJj_^2iu 
^_aj .<ulj cjiLc^>j_o ^_a 6j--^Jdl 6 j-A ^ <JHll 

J-&1ji _cu ^ jJI jlilll J is~> I jJoL j jxju> <S^TwaI 1 6 ±& t_)Ld 

cjl I3-&J - J—col^JI ^1 J-a-^JI 3JU* (j-o jjj—^2k>^1 

2/_sl jSJ) J a^VyC <Jj^-ll £j 

( ' ) C ^-A4jJI (J-Jaill JJ1 V 

j_»da] .S> d^pJLJj .5 lSjjj-oj 

dL^l ^ 3 5 _uLjJlL1I _L*JI 

:[IBM 3£jJJI ^ <^j _cu^lJ j .Th> 

<JLaJJ 13_& ^_a jIjj_II LS j_^1» 

(J-O 1 lid 1\1 ^jlII £c3lllll (J^J 

^jJljulj 3l .<Ul^ _ula 2)^3 ^ CA^IjSJI 

< <j 1 x 11 I Jl \ l^^-l I * 01 

SdjAll dL)—-all (j-a —XJ yj —La 2)li 

(jlh^ \ ^_a .<jl^1jJI jljll J^-a J^. y! 

^rvj *J (j^-lj <^.LojlA^U SjJlLc 

((. <J O-UU^f I ^jljlLlLII 

L^LJI 2j|J->J^-ll cJ-uLil (Jj _il d3 

2a3I jSJI dlLajj c_Ll (2)1 j -j^l Skidlj 
** £ *' P 
1 ^ 1^1 <*U$a> dLlj)L a U 1 JL_d ^ J-d 

6 L-cu 1 CiLs-u^ (jA>a y 1 ~s.\Ly <6jJL3La-^ ^LUlJ cjLcajlSi^I (j-o 

L^_cLoi jt._laj La Ij_aj <2j(j^-L_ ujlLI <JjLJs) o^L-£sj1I 

(2)-^k->)) :<l_ l!>^J • 5_:lo_2j CiljJJ_ cu2PL^_ol _cul 

<<_>jjllll (3 JJjUI v_J_uL 1 (jx>lLo jJJLa-a^J J JJLS 2)J-L1 <T\ ^ 

(^jALi < Lu^jau oI^Jlo^jL 10 3_uj (^Jl <3_ijljAal j_c^LlC ^ 

LjLlJ 1 j|j . I—JL^. SjijJLO (£j —kl 6jl_c 1 I Ajl Jl 

<3_>jjL »—J-^Ll ^Jj^JLcuj ^JlII <JU_UJJ2>J1 Cj Loj)Jo\^ 

(^Jl (J-uOlJ islLJI Sp U5L J 1 <^l J^U (J—AUJL2kj ^lc (Jj) A^-i^k 11 

«.(2(j^-Lu_<jJI (j-c (_j-L-l *—^Ls-t-ii 3 Aii^A. 

IjL .3-cuLu 4AjlSJ ^JLi 3 j^LJI (2)JJ»ji!l cjjljLI (2>^Jj 


(jj j 2>o <3 -uIjl1I ^_s 2a- i ^L> <jljj i (j-o i <JlJLJI j <<jlaLl11I 

.6dj)2>JI C^JU-OJ j ^ aV 1 

jlJ-AU_cuVI <J(J_0> (j^jLl! (jl^a 1 <3_ulsill <A^Llll (j_QJ 


i Intel 3^ - 


t 


(JxilL, 



jiJ (jllj (jUj .2A- 0 I- C ' ^c_jI^)-ujJI ^_S ,jJ| Cj Ij jl * t > 2P> 
. *^Ls_ 2 (j^> I j ^ ' >—'J ■»■ ^ilj-^ (jVI 

6JJ^ c L^u^.lJ jlj <Cj 1 \ i aV i 11 j) < “.x"^ A c-jlJ <2000 «j2_oj 

JJ^jJI jLv^ 22^L JjLs .<Jk^J (JjJL^. ^_lc <CjLlLxJI 

3_i2>^j^l ^_^JLsil cj! (Jl_ ^.jL 

2)1 jl) multicore Sjj x!La 

A_A_u 10-GHZ I_2cJl_3t_0 

16 jl 8 jl 4 y\jL<l _cul (jUj < LojL^. 

JLat-o 


(^.L. J-ojlj <3-GHz jjj_ Ij L 


lj—H C5 J Jf ^ ^jlj^l 
^ lji>^—I 


1 " 


jl£- Jj 


4X-^3L2k-0 (JdOkU^a JJjU 

^ ^uSljJ^fl 

(<LSj^o ,D> (IBM 4SjaJjJ| 
(j^Su o^t-uL^. CjL xi i pLaj 

4c I^lII (j£- 


jaj I_ 

< tri-gates CjLI<jj .auII 

jLlaJI ^_ajj ^_a ^^^-Ti o_ 

^_2sL^. (j-O *2J_i <1_ j^Ij 2)^ 

^t-c_CUJ ^LoIsljI ^Lu 

ji.l^_il jllcuL CPUs olj^jll 

OI J-^kjj L^JCO (jca_I LuaSiJ) A^i ^ 

A _tliLli j^a_> M < a ) 4 \1 ^ 4c^U. 

^jLj ^-!L»_o iPhone 6 ^^Jl lJjI^JI 
c>l ‘c£-b *(W^ u-^l^ C5>^l 

(JcjLlLo ^.La 1 y] <j| <_ajLa_2k (2)^ CLiljiLJl 6J_A <^J-<a 

. j^a-a I ^ ac. 1 ^1 \ a < i 11 

2/ *^>^k3l £jL. Cv^kdl ^Jl daLuccuJ 1 ^x \ a dU j J 

IBM 3£j-aUI dalkl <(2014) (^lll fkLJI ^ -ojlL- 


2)34jUI dljj jj jj ^1 3jj) 2>JI jl (5>»LJI a-jj^j^I jkj 

Jx^j L I jjbj <(j 1 (j\^i JILl!I 6^^a (jL < Ua.I j4lxj 

(jl ^Jljljljj .<JULaj 6 ^jI J jA/^ia^ ja.1 jAGau^U jcJLca jJl£. cJ^JLa^l 
3j^jLJI c-ujLWI 2a^^L a 3a^> (_J^ 1 a A o (jjjjlj 2)j) u*j11 2xi^ 
^j^l 3_aL_u_o ^jAxu 2^. 1 ^ aA> ^ jjluu V (2.tju-vj 3 a^Ij jLauI (3-^j 


JKaV.^I 2^- ^ ^ *n (iiv ^k \11 j j 2 a-4^L 3u^ 2L d a^ a^>^. La 1^31 

3ju-uL-u^fl 6jlil JxJj .2xi^L_ a_uJI jjlj 11 3ji _ <_u11 3djLlll 

ij j 3-al jJi \ :2a^I j^JI ^ A^a^ll jjl3 

2)A-slj^JI dlhc\ i <2)3^-!^ < - u -ll JL^JI La^j .JaLa 6(A^.Ij 

^_<_ulJ k a vb> JL ^_a 6j-aju_u-<a ^ a n <6 JljJlq 3jlj^ jcajL-Aaua. 
CjLj^jSJVI 2)1 ^ LA all < is*i\\ A^^. 2>AJ .6jljjaJI dl^kjJ 2)-° 

1 2x>La J_ij . <jui _cull 1 dIdj_ cajl!L dIdjjJI dliu jJlXj 

^_ld Lj Y^ <a 6jlll dllu jl_3LJ 1 jiiitl 2)^1 L>° U 1 *1_a.1 j_a.l 

l^ V\Aa y (JIyju-vj 2^1 j^-!l _<-u2)3j3 L_j (^j^- Laj . J a*21 

1 y X 11 2) ^ 22J ^ ^ > d 1^)11 1 1 ^ 1 d Llo J__ojl1 1 


encode digital logic ()) 


2>a ^kdjJl ^Jd <3_1jaa<a 3!alia 3-aL5Lj <<^ljl ^ 1 c-*21 3 j2 J\ 1 ya n 11 
^c-jLicaj ^1 dl Jl^^uL 3_cu_aL. jld 3jod ^jjLci jua 2>^- jLa 1^21 
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jjuuAi lj_Aj < DRAM SjSUI CjI a a is IS £c_<_llc <^-ll illiaJI 

<L±uaa j 3 jSI j Jlc ^ l) 9 —aSI j isuL-cuj ^Jl AyLJI 

.iLjU jj! cjUUJI iAi-U <4 jlLUI ijSVI .j flash memory 

(jAsAill dl^ii^Ju-uV IJ ijJLsJI is_call -Lul_ lajjJI 6J-A ^ jljj 

4 \.aaj^ 11 _SljJI i LcS) _ jJI £jjj _uj LglSJj <4_^LUJ 

6jSI j «lUj LjU J JSJ llj .(Lc Lsjj UJ dll^-J LUJ 


ls_c l^-Uji 6j-^lsll t—i uni^Ul ^jj-S <4uSljLc a < 1 j JjJU 

XiLHJ 1 jj>s is*> cjUUJI JIj CPUs cj! ^.. dm_ <_oj duL-yj 

l^_j|)) :<jLj> j±£ <JLs_a iLijla-i cjLajlLJI £y j 

(( . a. \ .\ \ \ 1 < A \ | 1 ^ *\S 1 i 4 C Ik. e \ 4 \ i < i \\ A 4_) J )^ I 

£_oUI 1 $ ^ cj universal memory ialx 3 j£l j ^ j a a jajj 

6jSI All J-<uAi Sj J_i j ic J_cj Jj SRAM 6j_SI jJI icj_<_u 

Lljju^.La ^ ' A II AjAnJ-U 4.41.UII^ is_call Sc. I cSj <DRAM 

CC J*UI^ ^ ell J_£lc 6jC Jjlc Ij-Ai_(JJLC 

j* ^14$ ^_A < UJ^lSJI LjjS-C ((il^fl )) J xull A < J . <jlij> C_J_CLL^J 


cj! \\a 1 4_cjI_£ ^_s d>*j \^VI j\ fll 4 \U4I <memristor Sj^slj 
6jS I j LLcj Uj 1 \ i A LJ J) \ nl I i-U-1 • 5-4 LsJ I 6jS I jJ I 

<«5j reAstor «^\aa» ( ^1qJS ^ UjlA j-Aj - 1971 ^Lc 
^-U. I j_als_o ^L^SJI Jlj j^\s II Sj-U memory 

JjL^Ju-ail (jl Sh"\st s JjISj iJjj (j£ j-ll jIjjJI 6 J_LJJ 

<Sj ljjJI c.t\lc 1 <2008 jxlc ^j . j j^>\s II Ij_a J__jlc j\ \o 

^_cLj^j <^k.jgj <(JI_s_a SjSI j ^.jlLc j x^a\c cj_^JLjI I_£j| HP 

wUljJI j AfVl* II I \\ At J 4 j Jl ^JLJ cuVI 

. a 4_1 VI)) i_jj-ojUi. 

6jSlj ^jl_i-c 4 jlL^. ^1 4_xLxU CjI jA \\ (Jl_cuijl 

jjJLAjJI 4 _j! _LJJ Jj-O Lc I J <4_UljJl L^jjm. jJJ-S-J ^_II 

^jJjAJLl (J^U»jiLII (((J_Lai11/ ( (J-J-tajJ I )) ^_lim. ^C_L^ljJI 

<4 \ jAcjJI 6 j _SI jJI JUiJI I_oSj . 4 jlc2jJI CjI_jLljJI 

(JjLo-C ^_Lc ^S-CJj .jLlJI ULVtl JJLJ 5JUJI 6 J-A jA\ it t"s 

£-0 <4jJIc icj_<_UJ I4IJLSj Li^lAJI 6^1^ DRAM 6j_Sljll 

.<JU 4_sIjS J^jlL^j 4jjIS-cI 

^.jLLc ^ Ll^-j SRAM 6 ^SI jil JjLo-c A jl j_j 

f_9—<-“lj CPU jl j t> i u —H j 

I J^Jl_C<JLi LuLi^JLS ^ Uc, ^ \C. i_\ 1 j_AJ <4 j 1 j 

< UlUjjJ HP <Sj_ ljjJI mU-Aj <dil j £ja Vjjj .4jJUiJI 4_ jLUJI 

4jj^jJ oLuAuS cjLuJI JlH Cayi - photonics CjLu^j^JI 

^JLc 6jSlj ^ jLLc J-t-tfSi ji — jjuLij^SII CjJI U-ll ^j£- I A A 

BREAKING DOWN THE MEMORY WALL (*) 
static RAM (\) 
the memory hierarchy (r) 
dynamic RAM (r) 
nonvolatile storage media (l) 


I ^ i-lc J-CJJL i ^JlII l^lj fclSSlI ^1 jAl_ jljj Li CiljLcjjlj 4 _s_j_ 2 u ^j_C 

JC-JLLOJ ^SJ < ^S i\ i)) : < l_A jS> J^IjJ . LJ m. fl * j » 11 JUJLLOJ 

L JSlJI _ JnSI <(jjSlji _ <-oll LcJ^ UU 4 jJjLjl!I ^jJJjSJI c-UjIjI 

((.icjUJI jxl ^£.1 <j^Ll!I ji ^j«\-cLsJI L^j jlsU 

jl ^ ^aUa 

SejSjSJI I j-A J-A Lc» :<jJjj .A> JLliuj 

Jj-cu^l ^jjlILi ^J_(_UJ-C Jj j\ is~i ^Jl jJlj-jjJ Aj ((< LlA Jjj^j-C 4 jI 
. microchip <biyuji die ^jj-ul j JIcj ^ 

oli^jJI juj-c JjjL J^j Au^j <jJ^j> j 

4 j^jJ 4 t t'li \ ^ ( I I TXj j A 1 \ \L» C 1 I ^ t A flj 1 C \ t ^ \ \ ^N. J 1 L» \ t 

^JjjJI <HP CjIjJlLAI j-i J-c c-UU 4 jjS j^ujl ^ 1 j ^-C'Ij 

^_Ls_aJI ^| jAjU-uVI 6 JjLs <jJjJ> ^JjUjUJ .HP 5 Sj_ ljjlU 4 jlL^jJI 

^^ ^ <^_L<jLj_u^fI jIasJI I j_a Js-jJuj I cj Ijj^ *< JjJlII |\Us 1 

SjSlj)) ^-C_<-UJ (—j J. <>^ i 4ju_uj^JI Jj-flj V 

j-A <j ^jSj l jSj < 0 ) (sram) aisiuj sjSi j jl cache memory 

^ilSIl • L^-d| jLUll jlj^i ^jj^u (^ 2-11 CjLcjlLsjJI ^jjj-Ai 

< ^jljlIjS Lc v ’j '" ^Aj 11 - 1 thedock ' 4 1 

l^-c I J-Ai lju I jlj-ll p Li LJJVI iAi-yj (_^jJI J -^ 0 - 4 _ llj 

4_lSJj ( I ^ < A ^2lL>^jJI ^ 4 <^Jj^> < X 4 ^ • I ^ j£, :**< ~\- \ 1 1 / > tl 

^j_c ejj^lll JjlSj _lu_II Jjj jl <ol -\-~y^l Jjj _uii 

.c_jjj-*jUJI 4 -u-llujJI 6 jSI jJIj cJj-oJI 
(^Uijjij ^jJI — 4 j^HJI jj-^LlsJI d^La <HP 4 Sj-ljjJI uuim j 
6 jSIAll Cay < (Y) l5 — 0 ^J| 3 J_S| jJI yj—flJLi 4 —sc-yc 

i!jJjjjLc — J^_cu^fl 4 jlL-oJI ^j-oljl* 2 l j < 4 _dJI SRAM 

d)jljxs_i Qj} 1 (l ^ i(3 11 I ^ ^Ij-> ^jJI CiilS_ ljjlU ^vUs c 

icjj-aJI 4jJLsJI SjSI jJI L)jJ j <j l j- 4 > dx>>LLi cdj-LLCjJI ^-U- 

I ^ I ViJ bits CjI till Tjjj-Ai ^_U. 6jjLLII is_coJI 4 jl 1 j jII j 

. IJJ,.K^ (JL ^ 1 CPUs CjI jJI J-aC d)Ls < 4 \Scll icjj-aJLi 

Palo Alto <jJjj> J__jjl jxll < 6 jSI jJI jl ^ _iLjAlJj 

- iJVI - VJ _^UJI ^j_c ^Li^Ly. ^^j ji_\c l^T\ \ i I_ujjIjJISu 

4 . 4 do L^cJj US ^j-c^JI 6 j—SI jJI ^nljJ uAh (^J —II 

_^.j-c tier 


4jljlS_c ^|^u 6jSI jJI ejjlji ^-S 4 jLlLj JS jjlcjjj .6J 

4_sujjjj SRAM AjSUli .^jA.1 j-l ^j Ci!iiS « 


L^jSJj .^iijSji.1 4 jULs_LI 6,_L^j 4 jSIj-c I^ jS.c i ijo-yj) iiLsJJ 
6jSUI Lc I . 6 JjJLoJ,l AjjjUUI is-m j iilLJI cdiL^Ju-ul ^jLsj 

SjSI J < (r) (DRAM) 4-iA^LuUI 3 jSIUI jl < ix ,m^Jl 

cjLcjjj & j-Aj <durable Ja^AUI jl!j 4 _sjjSj I \ \ * ) 4jljjjjj 

I cUAL jjj ^^lll workbench J-axJI Jin L^uV iju-ullc 

^LUU <^_jlULj .ilLs_ill cjUukdl J \s aVAI j_<_uLUI 
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j|j_^Jl dl hi 


L5“ 


-Ll-VI ^ 


~ 


4a^. d-aA CajA^»J 


j;L 


^L^JI fJUJI 


f^ej 


• 1945 < 0 ^^ a^ J> l r- 

C-3j< j <oLojl1ajJI J i3nl 4^JL*-a 6 Jau j dUd 

^lJ| oLLuJIj oLojlIxjlII dl_t memory bank Sj-Slj 

JJLJJ . l^-JLAA .LaAjll bus XA 1J < Ifl tic JusJI ^£jAi*A CU 

Jx<ilx<m d-> LaaJjljl! I J \ 3 Til LJIjla <^jLajaa (jJ^> ^jLljla 

da \J .4aaI _ui\ 11 oLlLxsJIa L$_aLl1a 1 is~i \ I O-Sj-C daL9 — 

du I j-a 4aJj^> J*2I l_AA cul J_^JI OaI^ 


ft ^j^ (j-a 

^jjhU < I jJj <I_ j jj_> cjLjL 


L>A 


^ cK J) 


4jLaA^ J^| 4 aA jjl^l ^_jA_CulJ-^kJl ^JLA. ju^I 4a I 4a J 

.oLU-kyU j jLiJI JajlII dlld 

^_II _Jl 4 _^LJI jljj_ j j 

*b-> Ij_I jLjjl uAA_culJ^JI 

CaLojlIjljLIL i -La_UjA V ^alJI Jl_ clC^I 

ILLujl linear <bKrJI i^L^LjJI 
^L^ll <dl!d -1^- JLjla^j :lj- cuLla 

jL^I ^_1c c_aj_3 laJIa <1_llsJllI 

^jAdAa j a iJ*> 4s_aljJI 4_o^JJ 

OIaJAJjJI 4jL2cJA j| < O It.I_CU duaA 

6d-A Jll jH J . 6j_Lev j I 6j-Sj _cua jUC ^jlsj I ^ If. <iaj_cull 

4Akllll JaLaWI j jLs_cuLcuVI oljdl £-a jAA^ dev ^Jl ^1^-11 

^JUlJlAJ .4 \*\ nl*\ AI oLI An^kllj <JjlLc ^^jJjjlJI j^LJI ^_a 

<jlu N X^JlLU A _LlSJI CjLc j^lall f-l_xAr,*^l _ cuj ^j| 

f 

4_l1j_L3 4_lu l^i Cj^JU^. 1 I jLa . ^-AaAtsJ I (j-^J-ll <J^JLaljLiJ 


<L^j| jj douli «5 
Jls ^dJI ^Jl ^ ,j| 

JUiJI >ul£ 4 j 
. jj^cuxJi j^Ji ajt^j 


.4 iqiVill CjL^JLs-LI 4jSI _cu 6 j!$I j CjIjljucLj A J^fl 

— 6jj_Lull) 4_aL*JI 6j^l jll ^Lal^ dllj OJ^ ^ ^ 

cJij<> is~> 4j^Ij 0) Sj_SliJI <Llu|jJ ((4JVI)) _Sj jj 

. dl! 5 c_jJa 2-J 4uvl — tjfr h. ks-i 

^jLlLlI (J ixu <^xj| J RAM 6j__^l J {J\ -i £ CC^JLj 

laJ)^ I a ^Lajjl £j^ld ^jl^ 6J c\"\X a 

c j L >jli (3Ai jjjuuajLlI c-JJI a < < I jLojl£.VI c^Jccul J^-ll A Jl 

Watson JjLlII cjj _cuLJI ^Ll^.1 tjliil Jjlj _cu .<jj-a> 

^ x n \l| ^j^jLxIxll 4j|^jd^ ^J) ^ \ \ ^d-ll^ JBM 4^j xVill 

^ d^L I ja! 16 ^ II <2011 ^Lc ^ a Jeopardy Al*\ cua ^ 

cjI j cjLalAl racks j 10 ^ 4 _aLlIIj <DRAM Sj—^ liJI 

4_a j-tlJI Linux Ju* tlu ^.Uaj 

(j-^jJI ( ^s J-o-St-11 1-3Jfl \ dlljj ( 4j3ILlLI 

is cull (J LaxAl ^ iajj .^ iua^JI 


6JauI^J l < LsLaI ^ Lslds j 4*laAla CjLojlLlj Jaj ^_1c 

l xA> ^ C/_lx^Vill 6 j!$IjJIj 4^JLs_II old_ 2 ^ 

l^laj djLI— cxjl2cJI jauua —I <4—luIjAJI 6dA 

. I 4 JI 4^u^.jll oLjxAll ^jlal! 

4A<:i J J^I 4 a_cu J)^ l l icj-aA^-a ^u-cxjJ-aj <l_AJj-a ,D> cuCj_ij 

((^LSjJI)) 2h^ ^I-2 la ^_2 ^IBM! 4_SjujjJI 

J \ \xnj .iluLa_a 4aIL 6*la£ l-^-lj <4 jJjJlLI CjIuuIjaII J^-» V 

<^jl_ajJLJ ^ I A^ll <<l_AJ^a> <<^1 1^ 

Julaj ^_a 4ajji di! j 2>° .4 jccuL^JI cjVSLI 4a Lull I 

<djlufdjJI ^Laj cortical column uY4ll jj— axJI 

4 \ \ \ 11 L^jlAja^jJ IVtj CaLaLlaJI 4AiJLs_a J^-*-» (^d-llj 

^dJI J-<usj-ll u.i 1 x<n Jlll^l CaVL^. 4^_-ylj_a ^jjd 2h° 1^_ cuAa 

CaLlauIJI 1^^3-a IBM 4^j_Cull dd- lu^ ja j . I ^ JlAA Lla^a 

<jjl uuJjjj (J^a^Ia 4 (. ua A ^j-a 2) A * A"n ^aJI TrueNorth 

BEYOND VON NEUMANN (*) 
the memory hierarchy (\) 
housefly (Y) 


4\xAajJI 6 j!^I dJI ^j-a 1 ^ -cuSa 4aala j 11 

dJiL^A _cu I £>a <^ljAU 4jl1c ^_a 4 aa)jJI 

L$JI ^LLua ^lll 4alk.ll iLLa-a 4, \a5v 

J^^-aAj .L_cujla Jj) a^w a cjj_cuLu 

Lua ^lL4aLjJI (j-U \ &j^ld ^jLlLlI 
6j^l dJI 4 A A xAll CaIaLuJI ( j-A CaIcJ A^k A (JAjA^JLA jc_aa_ua ^1 

CaIaLlaJI 4ajaua ^j-a VdJ <^-3 jl 4.^JI ajJI 4^cJLs_all 4 JLs_LII 

. Jal 4aIL 4 3K~\ \j <6jajljus 4aalaIaa ^-La ^Jl 
c-Uj-j-iLi 4_1x^11 4J2LAAj.ll 6j ^ p.^fl JJ_ C. jIaJj) £ _aj 

)! 4ua^ JidA ilLcua ^djA < Internet of Things pLuiVI 

lt![j 0-° ‘(10 15 petabyte Ca—iLLLdl 4 aaj caL ajisll j a 

<jJA > 4 ^cJLs-IIj jAjVlll L ad^A CaIaLuJI j^ljAi 

6j!^ldJI jI^aIa jl^ Idl J . <J_Lj> CA_ ul2lJ < Jd^kll iLla IjAil 

old jJlxasI ^LJ_U ^_a 41 a tall l_aa_uIjaJI oLl^al JC-aaa jl 4_al_sJI 
oLLJI 4A2cJls_aj jAjTca jl^aVL jLa xialkll Jal dJ^L^A _cu I 


daj . 1^51J <L njll Jua jAi 1 \ 1 a 4jJjI 4_uJLs_a 4aadlil 

jl-U25 I 4aAJ^Ja _cull CPUs CaI dAkjJI ^CU/>i jl 1^ AA ^2 x3_ £-> V 

< jAjds LLlS 4 j-a ^j_cu I j I < Ca I jjLaja La 4sa _cu j-a la^k^k 

. 1 Afl A J-A^fl liA dXA ^cl <6j^ldJI jld^. jLl^a) ^a 


(*) 


J^> sxj La 

(IJAU (■ Lla L^_aLAj ^1 HP i^JAAjJI dwv^j LT^ 

4 \ \ \ I a*\ I I , \ \, ,t | j_ 2 cJ I ca jJ-cu I ^_aaa JlajLcu L^aII <4aLc 6j^l d CaI d 

2 y& Jj^l J^-pJI J"° — ENIAC ^jj-cuL^cJI Jjla ^ui^A-cull 

<1946 ^Ic ^1 ^^JLA (^dJI — ^lokjL 


.4jla!jJI CaLaLcuaJI ^_a 4aLs_IJ 4saj_ 


uVI iabJI .. J xnlj^JI 
Ij^j) 6-° jAi 
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jJJ_jl J£.|j _cull <^jJ^.I SjLjlXJJ 4j^.J-gjJ 4096 L& J J£. 4^jl aVmg 4jula^5lC LiLk. ^A 4 a1tu. 

:<L&Jj_g> JjA j . La_G Lo^jljjjj 4AjLs j_A jxiWI j ~ j A ^ ^ 

<_lV\ g \ 6jL~v--^J 1 ej_ ljjj SjLcLjA ! I_jljIj j_A dll3 J_sJ» 

J, \'i\ 11 J S J . JULG-IJ LK <LaJjLk-C C_A UsJ _l^. Jj iS~\ 11 

LL^. LjljI <j-g^I 4jI Jj ^A ^^ \g J a nVI 3>a 

£_gA <£_a)jJI ^Aj . u_cul^a \&. J[j) a^^>. 11 <jLaJI jjuJU 

VI <c_j _cullll j2a_S_> £ Jj J_^JI <jLaJI e.lL^-J j I J a\^ 11 ^j-o <jI 

4-1J^ ni) — J^A-yj 4 jlJJ ^.1 jJylL-ul j | La- aAIj Ats~i I 4j I 

(( . 4_*_Aj-g (^ a n \ ^ cdjVI ^^A SjLij — 1 \ W n\ 


juS Lj ^Hillsboro <RA3 <d i_JI ^1 6Jj-_*JLij 


IjjJ [Intel 4^j-Jl]I ^ aIj j£il jj J-g] <^j-uLg .C ,M> 

^ ** ** 

^ 3^k u^f ‘a>^ o' jAi • < j>° > 3x>^ Jl^o^' 

. l_2 J^JI 4AjlajJl ^1 <Lu-alllj 4 2 K3 11 j[j . A I Jj)lx Ls 

jLUI ^A 4-g J-ryji_call SjjajJI ^j-C jLTJl t-Ajj-AaJj 


<C> UL 


‘oJ^f- 


2j . I -U^ ^ 

< J-a*JI (jC. ^AAjIi 


*-Jjil ^jLojulj _call ^A Q1 jj“i a< ijjjJ-1I JJ£. AU& 

gI jVI JjJi_G ^1 <4jljIjl1I ^_S 6 J 2 ul jc_cLj^jJI oLojlIjlj JJ£. ^1 

\ ^ > _J- 0^_11 ^y& kXl^j-LI ^-l^^l j\ ^ 11 ^ 1 -^ <4-2Hill .: I ^ 
Intel 5£!j_dJI ^ 4 i^T\ ^jl ll^.l_La ^jxuJj . Jjljll Jjsl 

U^fJj (SjW^ ^^ < J>° > 

Ax \ \l^ll (J-G 6 ^ J I LuIaI 

* 

JjlUI UaAi ^jljlAjlj Lo£. Jl«_uI LgAI^.)) :<^^jl>Lg> J^Ajj 

V 9 . I Jul^. ^IjI ^ljLj 4_dl ^.1 ^ljIa <<j(j-G> Jj^Ia Jj_ 

LJJ Ljlj I 4_il^_jj| ^Jl <JjIjJ> (JxiLlAg J 

15 6 jl ^Lc^fl ^jJI I jlj . 1 \IgC- ^JJ jaJlj _cu JaAS \\'\\\j 

^JkJLJ V dilj •4-cjl^JI oI^aJLjLII \ 4_ij(j 1 \ \\ g \ ( LgLc 

<jl HP j IBM j Intel cjI^j _tlJI J^aIjj .((l_a 2 jT\ ui IjljI 

^J\ ^IlJI 4AjjlaJI ^_lc (Jj_) ^ jJI — 4 ju-ujj^JI A Jl Jjl 2 j_<_<jlg 

— Jj3| 4 2 \\ \ \ J xA 2 1 c AjIIsj _A 4-*_gjL^-g 4_cl \ a^II 

t»JjA I t CU 4jilj < I J | 1 G \ Al CU-G LUA. J lA) 

.43lj ^^jJ^juJI Jjklll ^J_G J^jijaII SjAAJlg 6 j^ I'ti 
Ljlj I LlL^. jJjjj . ^jju-uI ^J^JI ^-11 Ljj^laj jijlAi ^Jl dll j JjJj 

< jl jA^I < 1 ^-jI jj 4 -gjIa (( 6 j^Ag ujj (_uI JjjJ V 

Jj^aII 4_iL^j ^A ^-G-lxJl JLlAJI 4_i ^jJI j)^\ll 

l ^ \\ Ij <<J(J-G> Jx^Li ( JXuJ V-S-S (^3-11 j-gVIa -(j-iij_ ljjlaJI 

^jlJI 4-gLsJI 4aI^J 4_gJ^a<i1I 4_1Lxa1I 4ju_u j-^Jl 4 jlA-%. 

< (SJ^ X> ^ ‘ U <j J—°> CJ^ 

MOORE’S LAWS (*) 
video stream (\) 


4*\ i a Vi ^^jjJ-g 256 j 4 \ \ a^C 4jlL^. ^JjJJlLg 

L-ULoJ^fl ^ 2 !^jJ lA-J ^IjLi c_J LJ^pJI 13 A ^C_G ljjUj 

jj _cluj . laser pointer ^jjjJJI j—Jjj-aJJ 4-GLg-g <aLU 4j g*\ l 

4a jL 4jjIj ^ video monitor <j jl ^Jl <Uj j-g> 
^ Almaden oj-^-s campus ^^aA Asa I jJI <j^l ^xI^jVI 
j-AL-V jlII jlvd I jJjj j . IjljjjjaJI^j San Jose ^a IBM 4^j-djJI 
^IjoJj IjjlgI^ ^j-g 63^lII -aa! jJsl oLLaJJ V-jLg-g jl^ All ^a 

4-2^1 jJj CjIjLu-JIj 6jlil 31 _LAJJ 6jLc| 

■L$JJJ-* jb J I—6 J-o^g (cA^I j 1) 4__uljJi 

. 6jj) A^ill ^jA ^-Uj <j-gj^.I jjj’\A^i ^ 6jUI A^.1 j n g3 

CjU^IjJIj CjIjLl-JI j a nVI jAlj <6Jj^.I j 4AAJ Jjljj 

A2 <UaUI <jl jJ Lg£ 4 \3t aAj ^A Aj 3I^Jl 

.6L^A 

<4jjIj Cj ljjjJ 6A^A Lg^)) <I_AJJ-g> jjj 

ejj_cul^j <LLJ J-S-s JjjaLLcu 

ic j_coj 3aj ^j .TrueNorth 4 jj Jill SL^L^gj ^ja Jjg^g 

^Ia3Ju_uI j^j .«^ajla^JI cj-° Sj_g 1000 jj^-jj J3l 

a)jjJ-I ^jjaaII ^jajJJ 4-Ls-l.TjlIIj TrueNorth 4 j1s-a11 4jj _dJI 

JJfel_tlu V LjljIa <d)J3Jj .ejjj^ _ ljjlg ^A ^JLi.ljJI (^jjjJjJI 

j-A (jl^ J-l 4 j| <L&Jj-g> l 2 \ a A s j .4jm djll ^ AA^>. Jl ,IjVI 

AU Jcj _ A-iAaJI ( j_2 Jjj j_> JjlaII 3)^_I a^)1I 

6jlll 4 Aj^.V-1 4-gjAjj dlj_ ^-jj £>j \x a^) 1I ^ljG^t.11 ( j_ oLIa^JI 

^<3)LgJA^ 3jJA> 2)Llj Jjlblj JUJI I-G$J 

LLa TrueNorth aLjj _dlll^ 4 ^jI _cllil 4 j\a^>»1I aKj _dill 

AxAj ^A c-xCjJ V LjljI )) :<L&Jj_g> (JjAj . L^_i 4 _La-<2sLj-g ^ 

l^aIjJI .4 \\aV.II 63-A (^-1^ iOS J \x j-LjJI ^Uaj ^1 j_^Ji_<_ul 

JLLg^j f(JL*A jj l£. j I_ >Jj2-g 3x 3^_ cu ^-I^VI 3)Uj <d)J3 (j\A s 

. (( ^JjJjla 1I jjAjil (Jj) g 11 ejj-cuUJI 4 j^JL*_g 6^1 Jj <dll3 ^Jc 

— L*ji J^JLJjJI 6 ^-Ia^ J-^-CUJ ^Jl IBM 4^J-Jill ^X -CUJJ 

4jL^Ji _cuV-l ^Jj^.^lj l^aLlILIj ( JjAjJI cjl_A-AJ-^-JJ 

4_g jJajLG^ a_A jj Lg — iaLoj^fl ( j 2 IjjJ j2kj^ ^ 


Lqj&I 




. 4jJLg_^.I 4 w < 1 jj^. 

<JJ_G> 3 ^ UJ 4j JjlIaJI 4Jula-OlLI Jl jj V <4jjjJI ^3-A jgaAj 

4 \ \An 16 £_a-<3>jj IaJ <_aj <UjJ- g> jjjA ^.Ia Jlj . L^jI3 4jlgJ^VI 

i^U-S^j ^LsJI 4 jL^j ^j-Sj <6Jj^.Ij 4j^jJ ^a TrueNorth dP 1 

<Jalj 100 4 jjJA jl.^ ^A L»_g aLjJ ^jLgj -La_ijJ j_‘J^-H 

jxl Jj3JujjI (_1 lloT^ JA)) 4 jjI _UI\ 6jJA 4 J j <3^1 6 j-gA-g ^x-^VJ 

(( . L^J 1^1 (J-G A Lj Lu ^J-G 
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^1 jlJI HP _call jj)^ [1971 ^Lc ^ s 

" j " 

Sj-^J Sjlcj ^.ls. IBM 4^j-coll Cy-yjj <6 j!$I jil ^-oj-$JI 
4 -^.L^j i^j£>)) <jlo_cuj li <J-o1^jLc oLjL^.J <^jl*ii 

^j| (JiC&jU (J-O)) <<lj_CU> oJ-CO^JJ . (0) ((^^j5JI CjIjLuJI 

JjljUnll ^_S l^_d _cul Lij|j ^iJI ^_JJ|_cu 1 ^cdl <jJ^J 

6j5viJl ^_Lc J-AAXJ Jl j_ j V <<JLo£.^l isljil 4 wAlll (J\ _ 

jiSjJj .((<Ju_uLiJI CjWI ^-Lc JjJall <^jLcjjlj ^jLijuJ L^_jI J 

ijLcujj^JI ^ ^£-Lc JLjSjljVI ((^jLflJ)) <j| <lj_cu> 

,«LK jLt^jL^I jL^j! dl ^ j j) \ i 11» ^_&j 

ii cu ja^ Jjlj Laj JJLJ 1_a _cuJ V 


jyjucaajj <<L^-ajjJI ^_S 6 J-> jL-y j^-dljli u Hal * <<^jLajjLj <j 3^> 
^j-aj <6j-c<aljLil ^jj_cuL~J 1 ^jl^. ^j-a j^JI <d-lj-lj .jaJajJI 
<lufiGil CjLjJjJ^JJ dW) < JJjLjci _Coll A. \A X.rVtJ <5_cuji^JI 


Sj$l jil 6^4' '— 

^j-a JoCj .<1 JoL> c_J_Ul\ \ <ijLCUj^JI ^.lc < cjL^ s > Jl ^ 

L^! c-U_ culjt-a^oa Ji! ^JLJULi)) <CjLjJjJ_^JJ 6 J_A 

. <lj-cu> <JjAj La^ i(( jLijLr*. 4_cujJ-tl 


LS-^ < ,AfJ > J J <l^i> (j-o (^1 filial Jj—lij Vj 

J' _ Cj U> i —“OAj^l crH 

.<J ^-jLs-S ju <1_SjJl_a jxJLsJI jhV\ \ _II dj^fl ^_s £._^>1^1 

<-) LB Lc (jLs ( [IBM _cldl ^J-^] <(jJ _<-Uj_iLc> i_J _ l AJ 

— Jyi ^jj-2 c JMiy <jj_o > ^jj—jli 

Ll^vj I j Cjlj(3^_Lj/p^jLll <_alj^ 6 jLj (j\a <LLljI <^iLc i^j-^3 

ej_CO^JJ . <jlSj_o <_2 jL-OuO — 6J^J jJI <AjlUjJI <aKj 


61 \xV.^ <jl^UI ol^x<-aJI ^£-11 1^1 (< ^x3 JUJ >^ 

. ■" n k x IQ CIj ^ ^ Li 4 1 a ^y -(-0^1* I 

<—XI A j JJ <_^L^IlJ) 6 j-A fL_^LS^JUi <_o JALII ^j| <dl_l J ^JlXj 

■ .ejJ^JI CiLjj-t-i ^-2 CjL^.^LjL^.1 


heterogeneous computing (^) 
the superintendent computer (Y) 
generalized artificial intelligence (r) 
graphics processor (t) 
the Great Data Bottleneck («) 


- SjI jjj-uMJ ^ylj-a - 

Cramming More Components onto Integrated Circuits. Gordon E. Moore in Electronics, Vol. 
38, No. 8, pages 114-117; April 19,1965. 

Memristor: The Missing Circuit Element. L. 0. Chua in IEEE Transactions on Circuit Theory, 
Vol. 18, No. 5, pages 507-519; September 1971. 

Design of Ion-Implanted MOSFET’s with Very Small Physical Dimensions. R. H. Dennard et 
al. in IEEE Journal of Solid-State Circuits, Vol. 9, No. 5, pages 256-268; October 1974. 
Carbon Nanotubes: The Route toward Applications. Ray H. Baughman et al. in Science, Vol. 
297, pages 787-792; August 2,2002. 


Scientific American, May 2015 


((. I j <jlL*JI J aVi^)) <JL2.-y <J^L> 

4 Q ^£_lc (Jj;. ^ -v 11 AlA^J\ 4jljIjlLI <dilj (j-a 

< < .M -S. \ aV A i , ZJjAa J)ll <AjlUjJJ Jil 

(J-oJUj .<jj^> 6dC ^1 <jj_o> (j^Li ^.1- cuAjI dllj 

o Lqj)1a\ ^ HP j IBM j Intel (JlLa 

oUkJI J-aLxjJI ^ ^ <jj|jjJI Jol£J JaAA (jxuJj < l^lo^Lj 

.S .B> .l^L^y\ <_ul_cu^JI ^LjlC-^XJ SjJjljJJ 

,7n xt.VI ^1 [IBM ^jh-cIJI 


<v|j_uuu ^.LojlA^I Jaj < 2^1 jJI (_£-Sj .eJJu-uljJiJI qLajllL 
j| ejL-O^JI LjlaIjJI AJlI (jl • LiL-yjjJj C-JJL—_(_U I I 

. l^J LjloI .V^yj _<_XJ I 3 L_ LJJ 6 JjlLo l ^ 1-y. \ ^ 5 -^ J-^^LlI 

jjSill , (y) (HAL) pISjJI ^UJI oj-cuLJI ,> Vjj .dUiJj 
dllid <“1001*. kSpaceOd^^e^” ^^ 

6 j jLi-LI jula ^ isjxl <-a$ ill L_Ail^Jl Google JS 

.6^UJL 3UU jlkll Jl 

J^)J| LJJ ja ,N> Jjlo _call (TjJjlVtlI \ ^j 

[pi \y ^l^p_cuVIj jisLdJ,lj cdj-dJ : 3 ^Ldl <^l^dll cd_Ij-oJ 

^Q K u ^ ^fl c-u— uika <jj^> d>»^ 3 I 

^j-o-SjJI isjJLil ^jyl-JLC isl^ <^yLo jJjIj ^*i»l 

juiTnui 5 ju_uJ- 2JI 31 icajLyJLO^UI iju_uj-^JI ^jlAji j .JIjlsJI 
^j dumb iSul—uJI jjjiUI ^1 >1 isl^ ,jVI 

Jjlc _lL^I Jjj-» Id^j niches j uiUI ^SIj_oj 0 L 0 j1a>\1I 

Jl 




oIwU-cj oKynll routers oixjjdj 


>04- 


<isju_all <ju_a ijjj-LL retail Jox»iL<_uj < nlmll 

6 jLjljj .<LSjJ^fl CjLjIj> II Ja 1 ^. ^ < ALtlll oljl^_iljj 

lj-ol oJJi_cul^^JI ^C-JU-OJ ^jjJiLs JJLj I_a jdLc ^_S 

.,Kdl 6 J-> J * “* t JlLo 1 ^j ^ u 1 1 ‘ L^Uj d 1 H . \ C a 

( J \ 11 ( (^J_a3LJ V 4_<_U l^)^-l I ( 3^ <JXau 3 | 1 

.CPU 6 jjyjJI J— (t) ^LuJ| ^-JLxXI ^jIa 

( j-ol^A.^Ll 4^11* A _j ^j£. VIjlc [HP _call (j-a] <J-LiJ> 

— cluLilaj Uuj ^_oLc 6 j^l J-i iLsj-ij-o < 6 JJJl 11 I <_c^UyJI 

J-cJLJj 4 o i X A 6 I j ^_o 4cd L»_L I is ILJ ^_AJ 

iuladl CjLcja-alI 4-J * CU ,(^dll 4_ coAj (_j j)lxi>^fG (J^^ (] II 

i< ^ s ^^11 £j_^Idllj 4 is~i i U 1 

^y y ^ 6 ^^y 1 [iBAI 4 ^^_c<jJI <l_AJ^_o> .CPU 

6 Ji \JJ)l^_coIfU 4 _jljlLo 4 x<lj,\l jj)Loji_ xjj c-ilLju <t_ 3 ^ x^lI 

<4jl3UUlLJI Ojlj_^-11 ( Usl^-o ^ _S l^_d J_ 2 yli_cul ^J\ a s _^ill 

(JUds^ld CjVL^. Jji ^j J_Ac <iij_) 4\\3t_o CjVL^. k_si_< : tC\\S 

4jt_oL^. (j-a] <1 J-tlj .L> * U culJ-^dl j^JI—C Jj_Sjj .^_^.j_^JI 

c> Jj' jAi ^ ^ 
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Jtlajallat 

aiOi. am 


8/7 31 jJLaJLI 

2015 juiku-uC.) /jjJjj 




yjuy *i j a^xi 

oxuee'kyta V&^\ y\ ^-cir^ cVcajc^^L ^ Cc^AjAN y& 

. A vi\\ \l^c '^Ax JjL. yi^AAN ^\-cL&\ 'Jly* <^X^a~A\ fcXk Cc^Cju^A 4 A^ 


<L> 


XC_u ,G> 


^1 y> jJLJI l-fl-Il^^l C ^.1 Ll . I 4 J-OJJ^ ^y 4 ojl^o l^-lsj 

.dementia diy JL Lyd uLaq j$1 <LLe <51 

<j-ojLajJi d cj ^->1 a^II ilil ^LLII (jLjLiaII jjlj jj j 

jd^CJ <yulj_sJI yi Ly^LojiJij 1 ^ _ suuJL} I_o^l I_oS 

cjLj _culliL <-_Lay (jjd y^ ^ 3 -* dAj L^_> J-ojJI I c-& /jIjIjlLII 


CuL)) :<IjJjLL_)J|> (J^Ijj . JIslsJI ^ Li I jl C^Lil cLel^ 

^W /11 <L_ul^jJI 4 JLjLc ^_a (—i£.^)l CiJLS <£-JjI JjLCJ (JLcI 

jJU-Ll ... 1 ^ a \ a j-LLcuI jaJ ijju^ £-JjI_LL dlLl^_S <<Lx^^_oxi 

«. a_c^_A ^jljLj 

JlVlxnll l^J y_L^O Lj jCG <ljjjlA. \ 1 )> CuL 

lydyk y y cii y&j .yajlL l^_o 1 LLy j^Gj y Jjl^ 

deJ L-GljI LLouO CuL yd I I_ftic.~vJ ^uitl L^_o I CuL t Ci \*\ 

^jxiljJI y> J \T\ y Lu <jd L-ll <j a 4ekiil 6 C-A ( yj . J—* a_iLjJ| 

ic^dJ Caj lylllcj . CjLjJt y> <IjCjLLJ|> <LuIjlj I_a 

bj U<11 cj^LLJI y _ o 26 yi 1 cy 5000 2 )_a jj^I u_ 0 

yu^ J5 1 ft 1 yd<yyil 4_»^fj ^y yGiaLaJI 

Paisa 1 <<m * _<_ul ylUj .j>ajLy dc y yli genetic form 

6 C-A Ci 1 is*) 1 CSj <J_ojLijJI eJ-H_UJJ yJI 6 jcUJl y^ 

LIFTING THE CURSE OF ALZHEIMER’S (*) 
Medellin (\) 
Copacabana (Y) 
Antioquia (r) 


<IjJ jLLjJ|> Cj Loj\c 2007 _c ^ q 

^_a SijLS <_i| CaJ)^\Jo iy Cul^ <^-oJl]| yc 6 ^)_inC <_cjj jl_<_uJI 

<_syId 4 cujj-o ^_S <jJUa c2sl^ j . J o_*JI lj_A (Jjlo 

jJI CjLc-L<_u Cul^ jeJ . (jd-c I ( 3 -^J 

CjLd_<-u ice <jJLLJI 6 C^J ^c_jlL _LXU <ejj_o 

^_s lyLie ^ _c _ <_ujl 1 I l^ 1 <a^ 

• < 1 jJ-LI yc 4 1 A A si I 

<1 JjV jj> l^-al Cj IJ_i di! 5 J-S_s 


ja 2 .lyyij 

j^.i <jl^Jlj lyI cj is~T\ ^y 4^jJl y^ i^j^Jlj ijjiyi l^-oi 
.dJJj JJLj CjI ice _ cuAj 4 \ 11 jjjil ^jl CjjlIj Vj jl Jj- 1 ) 

yc CjLjJlJLJj^I < <LS~\"\\ A y J <IcjVJ-J> CUJU-<s| C 

4 jlcujJ L ye L ^-0 lj I ^ I c d)~3 y.11 _duJ Lj Lj^e 

( Ly_>ly ^Je cj-sj-Cji cc 1 s^I 4 _yj>c ^ 1 < ijCjLyj i>y| 

yo^JLi ^jl <V ji.1 dllc -a Cl iCj J-<-u < 1^-JL^.lj w^)|j 

• iyL»JI L^G iiLlsJI (j-e 4 jJj^loII 

4 jlj)jJi yi yy yd 1 <<1 jc*llji> cJcIjI < c^yi cdc jg 

< y jy<_»jLj 2ce^. gcL y | < L^j-oe 

L^jLdjj < 4 jljL_ujGJI 4 jl 1 j^I 4 _ 1 j^ j ^ya ^jlsJI yLUJL 4 C_dj 

£_<_uj L^j_oej <Ly> Lyijlj I4JI1 ^ya LyJLk L^jls 

Lc le j a tie 4 juu_u Ij^-oe £-L-* ^yJ I < LuJI j^j l^> Ly^. 1 ^ Cj 1 j)\a a 
. lyxi ice Lai 4 _>yLdl lyL_ul jc Ljjcj cj-jdLGl ydl j 

^ ^ a A Gj -doll jl ye ijcL l^_o| C—sG jsJj 


iLAi^lc 


. j^JLlus jLl^I 4lUL l^.la.^.1 4lcJI 

Ijlie yco y (^jy jJI jLi^^I y yyjL J i U ylc 

yyll Cey I LL jaite 4_(d^LS dll j IClj C3j < LlI 

•yyi 

d_s <jcJl_3t_o ^2 )-° *^cj <^yyi ^2)-° LlcjJl ^_s LjXi ^L^c ^jl 

. j_o_iLjJ| old LjJl j_ijJaJ <AjjJa LjC^k. j-J-*-» Cd <4 X-Cu 


4, 1 U^xJI { J^\ j-dVL jnlL <y-4yy \ Ca .j 

(-1 c (j-o y^- (J^ xit * Lely l ( j Li <j»—L^_ o <ilL 26 

4ajyJi 4 1a y i ^y^Lii \x> ^..... c^s ^ i~a ^ <^_o_»Ly 1 

. d/dc-o 4 jljC-o 

4\\i^w. iJ__ds> 4 jlL11 6CC ^yO .x7) (_Ll 1 ^ya J-dS ) d 1 

6 c^d ^yjl ^saaJlj .yyL <i—iLs^U LLae U,y 
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L>° 

j-OjL&jJl Jj 4->L-0^ I 4 jL3JijJJ J)\V\11 4_ul^-cl ^jl 

(j^Juues L-ojL^.^ I 6 LIjI Cj _sJj ^jVI Cj I J-» J) In I _<_u 


cxLL^.1 <<jlx-^LU cjI^j cuJI .jaJL»JI 

Jj3j .j-o_iLAjJl «djJ 4_1L*_3 ^_3 CjVjL^JJ 

. 4-jJ llil 1 6JJ& I jlj ^jl wiS-i -LsIa^VL (■ LoJjlII (_j i is*> I 


I^j 5L> jja cj ' ^yJj jx^_*_sj Lo_o 

wi»-i ^MsJI Jjl_JkJ Ijj IjI ^Jljljlj L*ua j _J^l 

(j-o JjlS . ( j^j_LI 4-illjJI ^j-lc jX^_aLaJu&l jj^jJ IjjJ_j dlljj 

Jj 3 ^jlsl j-C I Cjj^-k (jjJ-ll <j-oLl_uj^fl 4^JI_*_a 

_Ju^M ^Jl jliil *Ua£.l (£jjj *All 

Ijj La 4_3 jJlL _UJLi ^x^julsI^-c l/_ajJ_ ca ^ 


chromosome 14 (q 
familial Alzheimer’s (Y) 
SWW KWce (r) 

y. <(cjjUVI »-_al jL 1 j jjVI c_jjUVI J-a ciu) <ji Zuj^> <1jLc ^extended family (i) 

.«j \\ < \ 11 ^liil » ^^.*11 


ZjlLl\ ^ . L^JJUljI 4jlL>LLo jKu) ^Jl jJL tlu LlLI 4 aKll 

(jll c £“1 ^1 0)14 (crV^*) LS^ 

^jLujJI ^ _ujVI the conquistadors (jL^jliJI 

-kx I 0*~ (J-° ^ ^ -t 0*1 (Jlk Lojlsti . j xtiC. 

. j*\\^ j-oe ^y-2 ejLt-£^ju_u 431 cJ^ <4 -&^j1 

< ( V^biJI j^U^i *1 j <> J < A W IJA 

^_s ^IjJL (y^\ a^II jjx. (j-° 4lil ^_s j^.1 j _ L ^ |J j 

<r \jJI I j-A wlSj) . IjjjlLc 35 jxAJJ£. j^jLcxILs dyJ-M ^ _ILsJI 

<j^_o d)kdji^J jloII duaLi I Jjlj 4ju_uI ^ 6j^_uj_i llLsJ^x 
dA\^-ft)) 1 \^ (jC. 6 ^)-il-^, ^ lc 

j>ojLAjJ| A Jj Cj _n a^> 1 ^ylll 6lj-U jj J 4_ lS CjJIj _A\ 

1—Ait I ll 1 . a h 11 I ulA I *)l I ^^a£, 

• Jj - o dh° ^jjJLJLs ' i ’ajLuJ jX 1 CjMjLxJI ( y_S jlilJ jJULC J^clu 

jlj^l ^J-C 4lil ( yi itiC -lie I_ <_*jOJ 6jlkJlj 

»_4 ,,. a 1 ^yle ^xAJje 4-S_i_uj-c 4_1 jLc ^j->j j Cj _<_u 

^jl Jxa (J-oL^. c_jLa-OlJ (jl ^C^.jll .<jL_oj! 
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t \ \ <L ^ 


iljjj Id-. <1_ole 63 

^j^ULsJI 6d-A <j! ^ 


j-ajJI £-L-* 4 II _o^fL ^ 

l (j) J—IaSjGlIi cj^ULc 4— 

ol d ^ aLH 2 d 1 11 4_ 0 ^_A £C_JUASA_U 

JLjjL 4 axaIja dd Jji_ ljj <IjjujJ> dx! .j-ojLajJi 

ddMlLdl ^ dJd*JI Lg-JI j^*1 42a dA ^_ a j < Yarumal 

^-3 4a I jJl^. ^j| <1 . I LAJA SjXLa (J A ^>.3 ^A_ll 


4 \^ 1c oL^-itj ^LlaII 4ll5LoL 


l « 11 3 o ^ru^l <ddl >L II 


4jlaL^. 




xJI 




VL 


aL^l 


, ildllLi 4 aLl 


.VI 





- OJ>U . 

Gav^ G\\x 


d. *Aj .^aJlII -La la I j I ^_3 jxAJ l-Xj^-IL A iS*i£\ I ^ll^ 4aJ jxLa 

jl^ljl Kj^l. ^ ^Ijjl^dJI d-*A 4a—<IjaajJ> ^^ll (jl 


<io^ £jUj Ujjjl J-! lU^I ^ 

^ie ^pX dd-3 jJI dild ^-3j • 1$-^ 4 aju^aJI ddL la-lajP> 1 ^duaJ ^_3 

.j-o_il_AjJi o 1 d ^jul^JI J<:avJL L^IaLasL dl_Juj 4illx (Jji 

^^ie J-tusua. 21 ultl. IaaajJj^ ^1 <IjAAjJ> dlx 1987 <al_e ^j 

\ \Wd J-aC. 


u ujiLjLsJI dilju JL-ouVI ^Je 4 _LxLaJJ ^j) 


2)A jlxo a Vi . 4a1 a^II Cj^LiU-11 4-<-uIjJ L_alGu-al J < L^JAJA I 

. ^)-aj La^-I 1 old 

^-3 4 \ 1 11 ^J LJJ 4Xj) A^ A <1J A_p> (JaIj S LJU.J 

Ide jjlaj genealogies oLuajI JauMuu l_JGI jlj .is_oUJJ 

4u^.lJ ddj .^iji.L 4 _sL-^a 4JjLc _lLcj o <-u die d 

‘ ^ 6^ '— 0 4 

LLl^i (_i lUl \ 

>*3auj ^1 jUllil ^Ae jJj-aU 4j 

JjlSj .jl^ jJI ddleLora.j ^_jLAjJjilJ ^jVt\^. 11 JlldJI 1 ^ \q 

ddiL^-jJI 6d-A Jjlaa ^.Luill IaLc j _Joe 4_ uia! j_^-1 

.SjjLu^JI jJL JjaI ddLij^J 

Jd-1 (^iJJ dd^UUJJ 4ljUI (^dJI (^Jj^J ^^UsuLlaVI uo> (j| 

^CUUASjJ Jl^Ul <jA_il_AjJ| ^ I d (JA ^JUUiJI _ LJjJL 4_iL-OA L^l I 

^jjLsljJL <1^)JD^J> (J-tui^1 dAS ..Laj(j laJI (JaI^ 1 \a ic Ll^a 

fdj-djLA 4_3 LaLu^. _S dJJd-uuu^. (jLS d^d-JJ <<dLi la.S> 

Lo-AjjLej [(JajjJ CajLla ^_s _J^Jj 4 jlaL^. J^a] <cjj^ .A> j 

<ddu J^lLaJJ 1A^-1J J-° d->d-^l ^Jl <^]/J^AjA^fl CrG-^LJJ ^yC 

■ 14 LS-^ 

<i^L_J! 4 jlaojJ 1 jx--^l ( y^ 4-iLijJI ^Je jj^^jJI 

ddujua. I ^jjJ 1 4 ajj^j_laJ 1 1 ^ J J 4le dd^) Ln I ^ dJ I ^ ui ^ 11 ^a 

^ja4 .4_2JjuLa ddL^-^Lc jaJd^ui_ laL ^aaLAjJ| ^ld ^-<-<1 >ja ^_jJe 

ddll^ <2012-2002 ^aLc. (j\j dd-ij^.1 4_)j-ij_LA 4_sj_2iA 403 

4 LU11 ddL^iLsJI IaI . 1^-jla %99 ^ja 4 J_duli ^llllJI 

dd-S <4 ulsIjJJ Cu-Gi I^JIaaI_laL ^SJUi-jjJI ^J-C d.J</*>^ ^iJJ 

THE VISION (*) 
magnetic resonance imaging (^) 
positron-emission tomography (r) 


.^jl^-ij-ol uLdlj-jL-u ^jjuaIj VI 1 n> 

.<JdJJ 1 d-A jSL^udJ dd^-L ^a.1 ^aa^Lla ^Je IjL^U. 

!<: A<jJ 1 4a lx. ^ lc. 4 ajJ^J_LaJ 1 1 ^ J 1 6 d-A (JjLA c- 1^^ 1 (^) 1^9 

J)\\l 11 4_i J)* ‘ ^ L-X-LAJ (. lx! l^jJ 1 ^XJijAJ jU 4 ^ hAa dd 

die L_^dL-olV ^—j! je ^_Aj <4ujd-^. de^Ajj ^Jd_II tidjd^A 

4a jjj-Jal 1 IjjJ-Jl Ja^. 1 ^iJI dd^L>LsJLs .4 julajJj!^JI ddiLlLsJI 

^l^d-ll ^)LlL^.V 4j^j^-laJI ujjU^jJI 4^jl jla.a 11 La jLlcJ ^a 

6d-Aj .jA_il_AjJl ^ I d (jA 4_sl2jJJ ^Je IjdLs Jd| Ia 4^^jlaj 

(JdJI Jd^J iij-lJ 4_2jl^aJ1 £a 6de dd-LALe ^iJI dd^LLsJJ 

.4uul_ij ddLa.*^Le d^e dd^jJI L-laLlaI 1j*^V ie dd^.w^>l 

w ^i 

d-i-2a c uui u —a LU^JI > ^Jl J^AUI 6 I 


I d-A 2dJAaA ^—S Jjy± I ^dXi ^ -A I ^jJe ^ j—S j j—caLAjJ| old 

<bjUJI 4 aj_.j_laJI ca^L^aJLs . .\ J ddl j) ^.* a 1L old—II 

0) (MRI) ^-uxwiK’iiJs) jdj^Ll) A ul UL 

< (t) (PET) jla^5)fl_i ^ -x h it.1 jj^AUIj 

spinal l5 —iK4JI J^dJI ^1 iaL-il ^1_adU scans jlid 

4->l *^>V1 L _ r le illdJI ddl_o^LaJI d^e l_s _d2vll ^J| ^-Sd^l <tap 

ddl \Wvll 6d-A ^.1 dia2L_uL djj)l^>.LJI iUl tni j .jauU^JI old-. 

^dJI _LA^fl dua.I f* Lad ^£-3 2dduaG ^iJI ddVd-JuJI 4_idljA 

** " " 9- 

( j-£suu^_ laI ja LLl^I d^Ae Sde JjlS oldJL 4 _.LasVI <J jd_i 

. d^JA (J^A-Aj o I dJ I 

Idl ddd^JLAu La 4-3jJLa ^Je 4l.^Jl (JILlajJI 6d-A deL-olJ 

^^jJI 4jjd^fl 2)-° 2)^ J-!J <4ujdVI d^.1 JLajlj—<_ uI ujjA 

ddl JjlS ^ aAjII die 4 XjI_la ddl jl n^l ^_2 l^J_ uul 2 ddJU 

4jxlAdJI ddVdJuJI jsJ ld|j .2 )LulajJI 1^j 5L ja-^jL)Lt^a| 2h° 
ddVd-A j^yl>I d-A ^J^ ^jaj^j 13.11 ^ le I ^I *2-1 4x3J^-LI 

4_.LasVI ^Lua. ojd _le oljd-ll I d-A del_ laj dxs — 4_ lSjjja 

La_ lajIa die ^J-^J-LI Ojbl^A JMlUJI 4ja1^aI 2)lj _LL 

—la_a 6jxLaJI 2)J 1 ^. 2^^' JJLAI 2)1^_ la 2^ J-^^JI 

4_>j-> j-<-lJI ( I ^ JI ^jUaJJ ^j1a1a.L dul jlLI ^LajlAVI 

.4_2LijJ| ddl ial-aI^jLlaV 1 jIaI^J 4_2dL^JI 
<<IjJajJ .F> ^_A (ddLaA^fl 6d-A ^j-3 ^j^^J.1 a n 11 2)1 


Lf 

jy- 
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.iilijJI ^—II t.Qdd <jjjj— <-“ e-jjL^l *lj^J ( ^ £ - 
Genentech j_dJI £_o dll J1 _ tiVL ^jL j_ JuL d\$ 

(j^-aJiS^l _<_u_o 5_ij_ij_<-u 5_ij^»j ^ 1c. J_odLi L£jjuli I <_S_oL^j 

(Y) 3li < 11 M) d-L^j jxA j_a j <crenezumab cjLa*ljd 

jdiJI Jj-JI ^j-o 5-aL_u i^JL-dj ialjLJjVI <Jlo J i 

£j_>—' j - 4 dj .^LoJI (>c d^'jb _ (t) ( j. — 

j ^» nj Genentech _CuJI Jjls ^y> j j 1 ^jpl o aIla ^±1 1 

.iij-aJlil CjLiV^jJI 4-^ »^ill 4ijlojJl JifcL*J.lj Jili 


« (,) jA»ujJi *ij_i 5jjUi jLilvi 


6 


u> 


J —d •£>>> ^ C> 

LT* J 1 * 


C^ J 

jIjlJLo jjl£- ^1 nd J _A j 

•Ji u* L?^= j^,A <— 

L^_iJ (JJJjJ Ll\J- iJLJ I ^Jt-oL^J <1JJUjJ> (jl _tm A 

I j_a — (£ I (j-° 5_sj_s^_<_u t_Ldi f. I I ^_s <GLi L-u d-> 1^) Ll^ I 

^1 iojLld^l cJ^i J J^JUlLsJ ^J_oOJ_ 0 I I d| 

VL*_S ^d^JLeoil *1 jd-!l Id) Lo J V.\^Gl j-ij.U~i 11 Jjl 2 <JljlV 

J-JlS dJ^UJI \ ^-3 ^dl ^IdJI Jj —Uj e_LSj ^ 

THE TRIAL (*) 
the Banner Alzheimer’s Institute (\) 
monoclonal (r) 
fragment (r) 
beta-amyloid protein (i) 
the Alzheimer’s Prevention Initiative (a) 


Vj ^ i2x£j-& c j—mVt ^- 1 J ^Lp^l ^ d)dl 

^j-a bjfAC-J 6 j^l jJI dA3 l_Lsj j-o* 2 I 5ul^_j ^- 2 Jp L^jj I 

.<JLSjJLil djIj-LsJI 

^/JL^LJIj <JLj|jjJI idled) djl^j-eu (J, AU^II Ij_A^)JL^.I diJ 

_eu ^_jjL^j ^lj^.| j_^-alll C/_Lojjl^^fl 

CjLiJ) ii II (j| jGall ^_oJ .<LojlL_u<JL^j IjJI ^j-x-ij-LI 
oVL-^jVI IIjuj neurons (uLijj^lll) 

^j-oljX.1 j^JsJL IdJLi ^jl JjlS <J_oJl1I ^j£- <jl£.LojJI Li^il^JI 

S ^j) ^ L» 1 Li I jJI dJ Li 1 ^L , | ^ | d_i ^Jlo^ .^j_ceiJ I ^ I d 
d Jl IdA L>° j-Mc ^i 0 l^-oL 

^j_o ^ is \I ^^j-^Ldl^ di_<-uJI 5 ju-ujII djiLiL»-ll ^jl 

(j-o c ill d-i^-i Lo 5dLsjJI Cdl^^LsJI <_euljd 

<1 A ^ A ^ 4 J \ \ \f I d-A^ ( 1 I n U 0 L» 11 I 4 1 ^ 4 1 ( | 

J[j) is~\ ^ 11 J 5_ijUj-eu 5-ij-^eJ <^jl_ luloJJ ^ xAjJsl 

^LJI ^-ouLajJi f-ld-i 5-iLeoVLi ^julLII^ .5JVd old jjjLu (^ 5 -^- 
(jJJL^LJI ^dauLeoJ dildJ f^u-ij-LI 4 jlL!I 6 d-A ' 

^lj(jJI ^Jl <j _uj 15 ^Jl 10 dlLoli ^Ujloj J II 

^JL^. ^^LsJI ^ILidLi *d_ill 6 die. L.LV1 (^d-ll dj-SjJI 4_jl_<-CL^.J 

.^ij-LI j^Loj *_sLLsI ^j\ o i 

^yUl I 4 JI (di-Ll Lo 5 jL-cu jlI di^GLeJI dLL di j J A?ml dd 
dji^j-eu (d.u-%. ^dl ^JXI^JLJ<l_id- 0 _i jAJ L^jJ j pldJ jdtd d(j t 

a _<_uj ^J-l'Li ^LojLaVI 2010 ^Lc ^^udl 5_ijd^fl 
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<ULc 36 4 AJLlII <LSjj1> j*1un Sj£c P-lJJ f >\JJ 

^ l(j Uc (ja sjL^I ^s. Lij jj <lijj1> . j-^ljjJI JijC jj±) 

SjjLJsl djLxti Cu^ LiSjdijl 4jLaLa. ^1 cj^jj ^ 

.j^uLajJI ^IjJ «LuUjJI 


: < |jju^J > JjAij .^j-iij-LI ^j_a Laic p ttiC < 

pi ftOfl I j-A J3-a «4p^j ^jl^-aVli ^jl J^.1 JdJL XJ^ <6jLc)) 

p_ ujO. p-ap ‘ ^ L5jIj cjl^ p-ili Cfl-*-a pi .((< u n^Ul _>p_a I 


Cul^p X a J-ajJI LajI^-cL pi LjlLuI LljI i^^JI 

. <djJI 6J-A uv *a<m <L~v.^.Ij ^jj_Jail I J_A <_il J_i 

*UacL oGl^LJI (30^ lJ-» 2013 jxlc ^^.ap 
^_a Ja* a pl£p jLlL^.VI C/^j L-VjlI 1 

J->p-a pi 21^.V LpL^ Ja*JI (Jlp-^P .p-oJlJI p-a Cj I p| 

C.^3 1 \a^i> eJpjJI c- LLa.C i p_& ^LgjJI i_aC^JIp <pA^pl. a all p-° 

Lx-^ljI dilLlAj). I_ cujj £qaUJ 1 ^_LaL^ p-^ p-^^_<-L <li cL^JI 

uJJtu placebo Mii. pIjj pi>k*j p^pLiJJ p-a pi p^1 pLLpd 

jV A A Q < I_<_U_U SqALJ I ^-La L^» p-6 Q*^>^. *■"* <JLC p«a I_Q-& JL^. | 

. ^jAUJI 6j_ a 3j>'^^* V 3- 0 - 0 .*v« ^jIjlII 3 —jjaII 

pna~\. jLl^l 6j jLaJ p\£pl dull p-o dp-a ^ a A ~v p 

pl^ Ijj La ^JlUaII <JpjJlo ^Lacll pxUpLaj . olj)\ m 

cIx^jlL cuj .V ji .1 ^ UUjJ I 3 ) 3 ) <<nll djljj c_Lsjl di ^IjjJI 

. ^_2J-31-0 <jljI a<iV\II Cj 

^jLa 6 jji_<_*jlo Jj£- jd c-jL oI 3' 2^^_^ IjIj 

Ijjui_<_uj .j_oj1_AjJ| ol j <1_sJla-o I_J-S-j_<-u dUj 

<^JL»_0 ^^JLi ^1 Jjj) O^ ^ J ^>.31 C-Jol_^iJI jljUL^. 

(Lun 6 jAUJ 1 3j)'^^ ^ qA a *1 * <<ll ^jA_Ji_coil ^s. xV.^1 

CjVj_U J ^_ 1jX^JLS-cj| ^jxUjldJ 3^-1 

. I j_^. 13 v.\^. ^ 1 a 1 L> cjI j-» 

6j^Loj(J <|^_U0-1 > L^l^l ^JlII J-O^fI A Lj^L^lJ) CjUMjJIJ 

4->l A^>11 <Jjlc o^J nC-j Cj _<_aJI £_o JpAC S J-C ^ J_o ^ 1c 

^ C/^j'—2LU jL^LL) ^ ^—«-^j jj^ L^-l o^ 

Jdj . <Lilc 0^0 _JjjLjlIJLj ^ ^l^_o3_<_ul j ^1_ 

L>° uJJu-L^fl Jj^UI 6jj«-tlu <lj_UjJ> ^JoC. 1 


^_Lo l_3LJ 4 jl1jLc AJuuUe^ A _c , ^,\\ a 

^jU ^\ Ic La JOC ^ a^>L1I 2015/11 a Vi 11 

<^jaJj_o> I Jo ^3 U_o-UlL^-j-^JI t^yzi _ XJ 

O-^O^" ‘^-^J-LLs A^Q-l I j <-u I ^LoxxjI o a n \ 1 

^j-a -^.J-M a-^'I ia—U~s. a j 

< lo^jJ> ^-a2ij I J—ij . ell J_i \^qj ^J-C Ij 


^Jl ^^_cujj b^y-u *^I ^ulu 1 ^cJslL dd I J-A 3-^° o' 

jdj 60-^ ojl \ )l (O^^l ^ o^ 1 L^jlo-^i 

(Jj11 J_cu^l 6J-A jlo-^' O"^" <—'* A^oII _\A S*i \ 


* ^ 

O^-oU 


•{rb^d S' lt= 

Jj-C 43 LJjLaJ ^_jj| <JULajJjSJI c3L>L*JI Cl 1 \£1 j _aJ 

jLlLLVI < JL^-I (^J-a (^sj-LL o^La-oJsI L^JjLal 
A 1 a njj <^jLajJ_ uu jLjlaLJj> ^jjlSj .£*IjuijI iSJ^J _ < “ <JL ^ 


3j^jLaiJ.1 jaA^j ^1 [Genentech 5^j a 7>11 ^ ^jj-dill 

^j-lc I A \jluI\ ^UlJ _I tn I (<11 ^jj_ajjl 1 I 

E_\V\11 cjLVjJI ^ ^—ill cjIjLlLLVI jLlxil ( j—^ 

j *—<-“JI ^11 ajj l~"^j f^j-° 6 ^ fJ*-H £— 0 ‘ I— 

.jLl^^l o^° 0^1 5 _LjJd CiLaLcu-a 

<^jl a \ 1A <I> 6Cl_ cajJI jU3cl L^jjlijI ^_a Jjj-aJLail cSl ciJ 

j Laic o^juoi o-gaJI 3 ^ <j^j-&> ^^^ \aj 

qA» \ \ ScjLsJI a\ a^^.^L> iillsJI 2014/11 _dll ^_a jli 

q\cj Ui<l ejJ&Ci <jSj-A> o^J .ScL ^_a ^Lulc^I 
^ a Lb <GLalaJ ^jl^-a £jC. iljLa aViC Cjuu ^IlJI j-Jj-a 

jJj -J-^- <^1 jd o-^ j' ^ c cIGu (^jJI ^^LsJl 

jiJc ^^ic oJ—L iJlj ^jJI < J^J-^ > o^f 

*ljJI 

J_c<jj I 6J-A <JLa_Al dljCi <jI (JjLiij 

ca_a .J^c A jj jA 61 a [\\ ^cJI A jdl 3 ' ^ I ^ ajJj ^2^. 

. <_aLoC| ^^a ^AJjl j-a-iL^jJ I A J jj,—a 6C^-J 6 jjI 

<1_<-a^.L& o^ ^Idli 6jJlj (_\ \ is~> I La JjlC <jI j_ 

O^ c i^jxll <LlU <jl1jLc jljdl ^-JLaOk, 5_iC^.I £JLaJj 

IcA ^jl . E J-^.1 J 5jLlLi ^O^Ll ^jc <jL^. Jj Culc I jl 6J JjU 

llilc J I Ca> J \x \ o-°0 (o— II Jjxj CjjJ j-Aj <(JLajL^.*2l c_j— Xju^s 

<1 1 1 t 1 * \ \ <1 \ ^ ^ 1 q A 


beta-amyloid (\) 
.^j-Cs:jl <pathological (r) 
El Retiro (r) 
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jUajjl 

p|j J^ 4 _jU^-L l 4-aj-ij—uu Ciljl \~\W *4 j^l JSL,oJJ J^ ^t.ax^I *i3J 

Jj-» x^LajJI _iijlij - CaliVi’i jil uu<m j_ajl&jJ1 

— 4_u-xjLxt^.11 4 £jIA 4. u xifl'i CjIjLlI^I ^cLajJI JjL_xjJI 

j-Li£ \ x-uJl J l J_iJ jj^KlLa pI jJI Jl£ I jl 1 —a .L- i.\ VL1 

PET j^xWtll J-O J*% i n v.4x <K 1 ^ . Jl V,.x xt\.l| 

cs i cs 3u “4' ay^j4' u 4 j^ 4 £ 

Sjjx^xW aa^lXV L.xxt %\ S jAKU j\ UL^JI 4 -Jl^jI 

p| J-j uLuxa jlc J-oJJI j—o c5 i& 3 <a r; ^ a jl_ait l l5 _3 (4_i^IaA\ 

^jlojI ^ ^VixxW ^11^xxVt.ll J-o CjLu-xj jA jJ^L-uj ^j . 

JuLaLa. I^J |j| 4_xxt4‘i j_olxJ1 J-o CsM-Cbdl >»1 \'\ jlj_3l 
jLljJ^VI ^.\Vi_xxii,I MRI j^x^Vill ».4„-xxt^iij . L,xxt ii £J.4KU 
Cal j4x-u jjJjt JuA jA £-lajJI Jl£ I j| La ^^xajJ^SJI 

.(jVxx^\W ^^.i^xYJI J-^ 


. J-Jj-^.VI dL^4_)L^.VI fcj-A CjjUl dsj ((.^J 

JjlSUl cu ^jlo jJ jLlL^.VI Cdl^ I jl Lo£- JjVjJI JjI jl 

^Lc J_l3 jJ x I -x_xjUJ 6jAlsJI Jjlo-^_J Jj,ill <j-^ld-J^l 

4 \ 1 a , A <_> I \ ^VJ . 2021 jxLc xxfj — 2018 

^lc x 3 xS'i'W a ^_3 x JJxlS Jl J un jA-S .(^jLcjJjljjJS 4jJL»_3 

j\c CjI iVj-ll 4 _sj_sj <_u 4 ->j_^j x2014 

jAJ .j_OjLaJJ| <0 J J_O <JjjL*_a 4 _LlL^. (Jl^_ lLLj J\-J l. Xs~i .o 

I JjlLo jl^ LojJ ^)l_Jl ^_j1T\II 4jlsLx-^I J \1L^j CjAjlj 

.^jLjLx-^I J-c 6j—SLJI ^£-3 -(JuJI (jAsm 

jl I J-<^*-JI J^^-l-^l «—jJlj-oJI Ic^Jj 

J-o iLjia 6j-o JjlS <0 jjJI ^JoC. | I j| LojlS 6i^J_<-u I jLo IJjJlI 

•o-^j-l'l Jb^ 

^ \X s iLa x^JLCjJjSJI jLl^VI ^_3 c-jUjJjlIj l^|j 

jLlL^.1 J-x-^lSI j\ _lL^.VI lwi^-3 _ cjj LjjA^ LjljI dJj 

^ 4^kiyfiA\ ^ "& aV\\\ 

Watchful Waiting (*) 


J 6^ I_1^3 J oljLl^VI CJ-^JLC jU 

J[j) 1L> <IjJljjJ> j(jj^jJI J-cG Llj^f IC-^. Jj_^.llJ_o J^j)) 

J A^IJIj C3j xCil^-iLs-ll 6 j_A JLaXJu-uLi 4 jljL^jI ^jllj ^ Ic. 

LoJjl£. <J-A> jl^J «• LjJLALa^f t_jl_ UJ ^j-ll j-<i^l 5-»l-^ 

J-o LljjA <-Ajj 4 jl^.Lj ^_3 ,J3« ^ ^ 1c. LcJU. J)^3^1 6C^-» JI^lJ 
<-l \ xli ^ ji^J <&J tJJLi (—J ^l^JI Cj-»I^J . (JjJa ( - tJ ^l 

L^jL^. 1 J^ljj^ Cj^—x-xjloI ^JlJI ^L^-l CjLaj < '—^-Ij^ 

.j^.VI l_3j1sJI J-c 

^JlLJI JC-JjIjJI 4 3 x.xV\ S (^jJI JjlALII <^(»JJl 1I J-O j2>X.J-ll J 

Ij)» ^-\.l JjjJI x4jl1jIc jlj-Sl J-^ JjCaJIj jLs xilSUU 

^ < 11 ^ 6-° ^ 

^ ** 

<J-x-olll Jjlx-^IAjLII J-^.VI jSj_> jaJ^J^.1 jl^J .4 ji _x-gjlll 

wXSj .^j^^-LI-J 4 \I . I ^ lc 6j^Li 4 _c^Lc 0 I J^-o_i ^-Jl 

x LaLc 47 ^>oxJl J-c ^_Laj ^1 <4_3jl3_Lu cJl«_u 

:Cj-»L^.LS xl_3j2JL 4IjLx^I Jl_ ojl^J J_o <Ais c-ul^ I jl Lo£- 

:Cj-sL^Ij JJjj JjJ dJj cJU jjJ ((. 4-Ala CvAX>I X<Ajl3_^J 1 ^_3» 
^jJlLsu Jl 4-ils. —II jJti jlAj Jl (^jJI d Jill j|» 
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Jllajallat 

8 U<!P!i'i'om 


8/7 31 jJLaJLI 

2015 ^ J'u-ucl / 




(UVl 


‘.VkAAix i k\ od\^ Yj>\ i i ^A\ 

o\ Jju ra . ^ q\ ^->W-> t ns o\* 

.4L*xa\^\. j\£A\ q\ aAaj-u\ 


<S^ jO JJUJ .S> 


^j-o I Jj-2 13 j-^xo JkLa t—i \ s Giorx <jjL EM <j| £. cj 

j-oloJu JjG V ^oJI 4Jl^_JuG ^xWI ^,)Ls <5-0_cao (jJoJll 

. 1 < A i C' >> ^ I 74 4 A 4 1-0 LJLcj < 1 < V« A \ A A> 4 

cj! _*VjJI JxA" 0 1^0 6 1 

* 2^1 4o_xii ^-lc. ^Lp^l ^>^1 ( 6 AlA 

I I Ls ( 4_Lo 1 xn ^jJauio^ . (^J a^> LAI I 1 ^ I ^ ^ l-i 11 

l^y I^X> 1^ Ua^o.aJ 1^ X ■<< 11 c- I J ^O^ 1 ^ 1 ( \ \ is~} s 

1 4 4 ^ 0 4 4 0 |^ 4 1 | ^ J , ^-s 4 / ** 4 4 *>. f 1 ( 4 ) J 4*\ ) A. ^ Q |^ 4 ^ 4 9 A 4 ^N, A , 4 1 0 1 | 

4ojlL 4olcj (J^ i'u Lj)\A a ^kojoal jV_$J 635 ^Jl 
G.ul~x 4_ojl&JI^ .2012 ^tc JjlLjJ L^jlU dlljj <<JLo£. JjLsj 

6Lx-u lL 1 6jjb 2xj> ' 4 * 4 ^_)3JI ^jjjLjlIL^ .^j.4o a &LLlXI 

it iLY nV 1 <<jatcVI cjjuJ^x I Ij—U--^. ^^xj)^ >1^ 

J^jlj _ojl <^.^jJIj ^IjJsl oLljE> a^I 

^l^JLx-o -ElU_~v ^LlIcuI] .l>j 

<4jLcLcjJI <Gl_4 4 4 < II A^|l I ^jJpjJI J_ £Jl1L* 

CjI <_uLu_u 4^. JLS~> 1 ±Q a ll t J AVci 

4^-t^a 4 K tE» ^jxjujl! [ I J a n \3 \ i 


((.^HJI jJaIE 1 ^ a ^ (J_oIjijlj ^| L^jJlIj V 4_o Lc 

L^-cJ-c LAlj LcIIslJ EljJ| J).^ :<_ilc 

.«Jj3j V fJV1» :j1 PAIN THAT WONT QUIT (*) 

chronic pain (^) 
erythromelalgia (Y) 


j!Sjjlj ^ II (jxuJ j 4 ILLs _II ^.u£)3 j dl jI J ^G)) 

l^.jj ^jJI I ^1 ^ <l ^Ji J> cJa£-l Ij ((< 4 _ < n\ \*S 

CjElSI^-O l^J J X A ll LoJLJLi Jlj 2 JI 4_Gl_A 

ujjjj jx^ju-^LA. ^-EJI cj!_ \x < \a ^ 1 )) .2012 jxlc ^LJ _ 2 x 1 

38 ^oxJI ^y> I_<Jj^j> dlul^ ((Gjjlj^ 4Cj_<_oj 

(jxiL^i ^1 ^Ijl^Gj LujAli LjlJI ^_dull ^_a !^LcL^.j LaLc 

< 4 jLa ^ xAl (^5-11 (j-A^cJI ^s I jjL> ^ LL I ^JLgJ ^_tJI 

I <\\x"s j 2 J .AxG-Lj-CJ AxGG^AIJLCJ jlj_^- 2 X LaLcJ^ dlul^J 

jjLJI ^HI uu< t\s V <_cLoaII ^jjjL^Lj 1 ^ ^.kiG 

<_il_do 6 Ij-ol <JjJ-i> dlul^ J(^_ uu 4» i^i \ JjlSJ . LaaL^. <il 3 j| 

^jAl <^j_dd ^_S ^ Ti*\ ^ (J-o£. l^_i jJ ^__ <I^>. II 4 % ^ 

i^jVI J . LujAo 4 \X \ \E> ^LlJX jii \x "\J < 4jlxjjLA_cjjJI CjHL^_coJI 

jxLo 2 iG_CO^U V| ^ 5 -^HI (j^>J 2 iJI ^_S 4_2xljJI T^c ^JLAjlI jlilL 

((. LI J£. CjL (^jJI j-a^l J-^j)) 

LT 1 ^ IjJj ^^ lA^ <J -A^ 1> J 

4_GuJjlo (Y) (EM) jaJjil L^ljlo^fl jlj-4L^I ^_oo-oJ 4 JL 2 X 

^JjLx jaJl ^GLIj l^ 13J — ((J-O^.^1 L_^)UI j^Jl)) 4 jlAj^£.VI 4Jl11I 


4AjL 4JsG-LI (^aljL^M \j <jxlj2^fl jl ^Jj^fl J_sJ Jo 

L» a^II j I *L_SjJI 4 JjjjlLI 6jIj-2xJI CjLisjjJ 4 ju_oL_o2xJI 
gAuj (<X±j-*> JL^JI L £ <^_o<a,jJsI (_i IcI j . 4 L^ll 
. (HL^xJL 4_aii^Lc. ^| l^J ( JXI Jj JjlLG ^JjJ HLxJI 


4 L^n.J A U 


j^Jal di ^J^fL < 




. 6 Jo .1x1) ^LalA-o LJ 

4— \ \ (J t..o xt.ll l—t *V\4 i 

.Ljj^fl jo^kJ ^jojox Laljj^l 

^ill jilj oLIjojxJI ^,jaui 5j^-^^XI jIjAIj 

.^xWI oL^sXXjUS ^2)-° JoJoxJI JjlTxJI L^jLIcL ^002X0 


u—a Sjoljlo I jl j_^1 ja-JVt c- 


CJ— u 


(J^lj^ilj ^jliajokl 4_JL f-LcI ij Sj^xlll oLjJI 

. Li_Gl2 X_0 J-t JI C- 1 Jj ( JaI I 

UU. Sj^jJsI 4_iJ jVI (J-a Lftj-ii.J 4-u^jiVI Ol 

^^jJsl jxl^fl ^jx> joo^JI (_^J0—call ^Lo£. ^Jj^ 
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i _!£. I j aj ii I <Lt^a^ill <!LiJ-aJI .~<l al . m"^VI a 

ftjSUI ^j-o j \ \\ 11 ^jtjKhr^* u^I UJ o^cLJI j)) . <_ij j_j^Jaa I 

((f^cl^fl 6^ 1 4 < 1 1 ^_J 1 4 \ \ ^ ^ 11 djl^jl_call ^ 1C- ^a^jjJL 

((. J-o I dlloAJ)) . <^lj)^S> (Jj-2 g. u <1 ^ S 


( ) ojlllll iJLlcu 


Cy^ ^-k 6jko_call ^^4 Sdod^-ll dj)^ y\\ 6d-A ^ slj 

stimulus *Uia£ jJVI 1 Jjuj .fJVI t tluj c c_ 4 jxa {J\ juaII 

C£^/l t*\V \&\, n a ^_o_caJ 4x^ a 4juuo2lC L^lk 44 JuJ^J 


4lkld ^ a 11 jkccu jA£. L^jLccl^-o j _caJkJ ^jJI UOCiceptOrS 

6^)1 j-^cJl Jjlc — ^_ca^cJl t 2 In dJ3 ^aJl CjI j_clll j . <1_^jlk j 

jl A \*N Ajl *\ JJ 6j— aIIj jl ^L_4 JjVI 6d_id_call 

Li i_! 1 iS *\ <!n jaajjgj — 4 jj L ookl 1 >~il v \ ~ 11 ^a 4 1 a !*S 4c j) ^^ ^ 

oLLgdJI dUo 1 n ^all CjIjI caVI ^jj-d (j-^J .4 julcojl1I 


^. 1 —ccu^l zipping (JJjiU j*LajJI <%>Lj Lioj ^ £-Sdoi 

JJlxJLj c_ 4 ^Aj ^JL) ^4 jAaauJ ^all j^l Cj^^Laji_olo L*^LL-!I 


Relay Race (*) 
inflammatory (^) 
neuropathic (Y) 
opiates (r) 



w$L\ 


SYepharu Su\hev\an<A 

.VjJj^LAVSii ■_*• ^ r\c~. , A . aAAx. <. ^CU> 


^IjjLil ^^k. Lj 1 1 2 IH'nII ^4 (^dl (£\ (J-& I io4 

j' u' CJL^ C5"^ c> 

LjL)l^.I j-ojLcoj 4j^J . Ejj) UI^ J^o c_A2 ^jlj ^j| 

t_colj JA ^jl . jItl-^JI I_jL oC Jje_s <_L^Ls I 


I 4jLccuI jUi<i^ 5-cLc Sjj- cojlS <^^Jlq uuii 

JooslAil <_)L^_Jcll 4 jui- t-uA ^3-11 dllj — ^jl^-UI : Ca^ 

^j£. Sjlc t—too j (^dJI (Y) 1 < iull ^.u.AC JM-lclJ — ^ oka 11 

.^j^.1 <_iLoil jl jl j,j aAI 4^JULJ c-jL<a^C^I J^.| <_ij| 

a^l^JVI Ol 


<^!^Ijl 1I LJLc 4 jIj 

JJ-S-S I j_Aj A Vi s Ls J_2cli ^jlcoJlII -La-OJ Jjlojj 

Jjlc * jL^_ nJ^l_l SjLcolI! 1 — 

< IU .<1 _a^ _1^ naproxen jj^nS Jj^Lij ibuprofen 

6 j^UJI j-A 4 ojja^VI cjlj^kll ^y> 6 jaLj morphine <y*£ 
Lx^l^cl I 4 J ^J^lj c 6^-11 6^jlc^2l4 6 i-oll ^d^fl Cls*^f L^J 4 julAjJI 

^Jl ^joiLsjJI j dll_cu-c^fl Jjlo 4Uj cojJI La £“jl joj 4jljljL^. 

^jl ^J1 <1 aLoil . 6 1 l 11 lj Jjuu _ II JII ^ nil dj & 

JJ)W\ \ 4 J 0 jk CjI^oaI 1^_J|J-2CJ_COJ Jj-idJI (J-^L^a-ca^fl 

cjLc^J l ^j^Ll^oj 4jj jVI 6 d^J tolerance J-a^j 

ijjJ^fl (jl_ajVk < l_A^iaLko _o Jojo Lo-c L^j-o j_ 

^1 dkjccul ^aI^j ^lll < ^ 11 LI a^i 2 11 (j_c L^_ol Jl^cJi _cul <^_caj 

^jJI JjI^jLc Jd£. dlla^i : (r, CjLij^d4Vl 

< 1 \ vlo 44Joosj-ll dlL jj^l CjL^ CCLO ^dol j c_U coj 

^j^l^J^-ll ^-Llj 4Cj_^. aJO coj ^j-id-ll dldCl jj-2_> 

r^LsJ« 


d^JLX 


i ^lll ^J^.^fl <OjJ^fl Ll .{jfiJU ojL^-o ^JjJL^JIj 
CjL^j C-Ltoijj ^ ^_5-k (J-oILujlS <^j-aj-LI ^J^fl 

l^okj 1_AJjd^. l^J Lcool A _ijd^fl 6d-Aj <i_jLj^VIj ^j_coJI 

< dS-i dJJJ jiJ (^dJI 1 ^ LL) iiajdaJtl ^LaLkil ^jl ^-cj . dJJ l4 

^^Ll^.VI duldLaiuo <CjLljjjl 4^I _c Ik \\~± <Jaja> Cx sh dA4 

j^jlJI AAaJj j2k^JI _k L^odcl_col fcoLo^VI CJ 1 d 1 ^AJ 


. AjJlU-^. 6j(J-cOO L^-»dJ 2_4 jj-LI ^-co4jJ1 

4julLl11 <1 _ijd^fl (^-k Jj ^ 11 ^o-OJui _cul LilLaJj 

.jjjlIIL IdJ d4 dlld (jl jO£- 1* 11 (^k. LLc| 
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TRPV1 SldaJI 


f TRPV1 SLdl 1 

J^dii 5jljadJ 3al Vwn) 
4'i-n i'll I dLdjaJI 

f dKLill ^ ^JjlaJI jaduJI 2 n. 

£dSa eLaill ‘ifa-ll) > 

iuljaJI dl j dl f 

SalaJiJI j^d <LuLuaJI ^ _J 


db^VI ^OJ jali 3 
lj ijaa ^djaj ^_ll dljLul 
Kali ^^ulll JaaJI 

zip ^LojJI 


( v sliKTJ ^c-uLia 

Jalu ol Li)j-iir jl 5jljdJJ <L^-uj jJI jIj ^1 jaJVI oljLiil jl 

^ ■A ui) ^1 gdlj^ Ojdfc jl jJLaJI ^ 4,1 U^X.11 OLlt^jJI fjA 
^J| j^J <^SjduJ| JjLdJI j^ cJjjJLs ( <b^_LJ| jq» 11 

y\ 4v\\^lt OlJ—4KI1 j5Lu 4aSJj .^l—ajJIj J-idJI 

j|dlab 4.1 —i^iLujI djl uj Jj-u jl cjLuax>VI d >j1 

\ c£4£J <<LuJ-»YI Ol^■■■‘^11 d-Jj l—4u» <jLaaxU 

\ SLablXI i 4 j-4l^o J^l .jaJVI jUjl ^ 5—11 

\ <Lou_uLdJI CiLi-ijdJI JLla j^l j^l^Ldl 


Is Laid I 4_bjdL3 CjJ jLd 

V j_a.dlaja^l dlja3 ^ACOJ dlaaja. dliAj 

v LaVo ^aJI 4. \v<^i3t.ll dlal^aJI dLLafc ja Ijaaa 
4aLdLal lajdja Lda Jiiaj ^aia j <4i,jJj dl jiLaJJ 

(TRPV1) ^.au aj Slad dl. <JlaXI Jaauj ^lt .dljS^aJJ 

4a^jJJ dlajaVI jL ^_iia lajatj <5jlj-aJI v. LlYV's.i ' ' 
JaJ jJI ^-11 £<i.\\'\ (^j-uL-ul JdauJ ^^ajII) 4.\^-> nil 
dl jli <dJjJ 4a La-luj I j .p Laid I 4aKlS ^ji JJjiai 
jaaa^ ^aiaj (N3yS) ^ tUlall ^JjAJ <L-uLaaJI ' \j ,^.11 
dlj4Ll| ^ dl jjjaaJIJ .^JauJI JjaJI ^Jl ^J1 5jLul 
dljLa^fl ja Ijaja u a") jl l^jldLi TRPV1 j NdyS 
4au|jjJI ja^ ^^aJI ja^LtxJIj .^J^fl ,ja I Jaja ^3 ,jaj 

dljLa^fl dL3^3 dJjaj dl^-dJI iaL>ja (ja ^ 2 daj laaj 

.3ai LusVI 


45Lil i in n d^L-ul 

lUJ j-ruz-iVn 4aaoaJI d>La.ji.l >-A><uCi ^^Ul oLat^fl jisJUj 
(ju la cross talk jljaJI Jjla j . jaaJJI JaIj UjatJ vjdVI 
liljjp i^-ih II j/a Lo ^ a ao j ^^xaJI JaaJI ^ L*ila. 4aiaaj j)JjLaXI 

L Ldli. ^UaaJI IjAj .(^^\ o^L) interneurons 

- jd^d jaLuA^I h O^dicj j^VL jdLaXI ^diJI 

daaJI jd oSj .^aSjJI jaadl Jia Sjius jAC dlj-da j>£ ^dila jdl 
LMa. jjaa lajaC tca^xJI ^jaa jl jju Laid jl jSb^a 4JLJI <>jJi jl 
3 ^liu^JI microglia cells <AuJI LMiJL 4ijjxlLl 4atllU 4JaaJI 

JaaJI CiiijAusS. jlo^S ^1 (JJJJ LbjJXi OJA J 4ajlaaS dljlxal 
(3> ^ ^iJVI iJi^a Jaxjj . (?f *jakJI jaLLd ^ P^jaJ ^Jadl 
.jd^L juLul^VI iaji v 4 aR1j J JlaJI Ijjfi 

Clues to Dampening Pain (*) 
dorsal root ganglia (^) 
the transient receptor potential channel VI (Y) 
voltage-sensitive sodium channels (r) 


ijASLua 4aiaj 4aia, 


jSI^^JI jSI^I 

jaadl ^ jdVI 
£ladl £ladl 


i la ^aa£ jo 
jdVI J (jaaill 

Ltua dMaja 











(J)J\ 1 ^JAjJ) CjljA_3 J_<_uA <JIjlU (J \ Sjl it 

<K ^JX»1-AUaVI 1 ts*i \ 1 IaaI^ (JsJLs ^JJjJ 

^jl _(_ua* 2I ^_a Cj Jaj jlj . Lfrd jaLa ^G 1_ajua 

-LaLcul - 

4_■ <<1 , ^ 


l_COA ^ja^M 4 a^JlL!I CjLaIJ) IIJ 

CjIaI^aJI Cj 12 ^JAjj)A^a 11 Cjl ^_la 

5 1 a 1 <aL^j i_uI a, s L^jlo J£ <<jlUJa 1I jjdJ 

blockade ^_ a 12 1 g \c <_2 _lla! 

CjI^ la ujj Ga jaaG <J djiJ^ J^ I a xaa 

Gila-ll £. LAa _a 6 J^ a.^_a _>JJ) A^a 11 


(S^VI j 




*aa 


^_t <a II ^_a 4jAu-a*_ll 

Jillj ^LoJI 4 \ A / A 


^A£aJI (jA jAASJI 

oljLJLI ^ 

SjLJuV 4 aaaJaJ| 

(< yj& L> J^ 

.«Ja1 dLi^» 


^\ _d22l £_a ^ajLajA jl J)AJlAA 


CjIaja^I L^Jl£. I-cilAA ^ll| 

^LoJjlII * <il»^La oljp i aJ j <diljJ 4*\j ^ H^ ^jxidjuJI^ <_ d all 

Ia^IGJI ^_a 6j ^ ,jaj j) a^)I 1 oljla :4 _«_u i .\a11 ^jjjL^JI 

. j\ au^II ^^2 jaJ^I jJLjaLlL-oa ^aJI 
<j-a (jJiaLJI UAjlal £y JJJjJl! I ^jj-sjl ol\X3U-UA jaljl ^J 

oU ^aJI cjI 2 ^.ja jj) 11 cj) ^la <j-a cj^a L_al Joa^Ia ^ a j a 

<aju-olsJI 4^juajJI ^_a i^La ^iG ^aJI 4jlLl1a!I ( 3 j -^-1 ^LcuLajl^JI 

<^LcjJ| J J_tlJI Jjl^JI 6 JJA^.jll c11a JaILo^ < \.U \ 11 

Ca a\ lS~i Jdj l^fl CjIjI cu| <1 a I JAlA 

LJl£ 1^ 1 \I x ^a^IaJIj <Na v l .9 j Na v l.8 j Nayl.7 

^JJJ L-UAa.^ I <JJjJ-t-all CjIaJJU-OJlII SJ Cjii^dJUAJLC 

3 j-^ 'Vj u> “ Na ”) 

JjA^-OAJ . ^<djjJLil £_CUaJI Cil^ldJI <!5lc l a i-AjA ^ 5 -^ 

^1 ^jl^LU ^ 3 ^- 01 <cj)^ lUI encode J^5G ollx^JI lJ^jG 

J -4a^A-1J.1 CjIa!J)\^ l| ^_a Cil^1^-11 -LaLuAAA 4-elJAA |J)^\C-^IaA 
<CjIjIajL^.VI CjJl± I 4aJIaJI jaalsJI CjI^ju-oJI ^ J_o 

^j| l \\ ^ ^ 5a _cocJI Nay CjI ^IdJI 4-C4Ad^_A ^j| 

.Lilli ^y s**\\ fJVI akt 


Nav cj!^ 1^-11 ^jl dx 9 _I^LII (£\j 2000 _c JjJL^aj 


Cu^.Iaa^.1 4aj J CjI£!ja-L I jjl£. tf -1 jjJI jaS d£.l j c_al J_A I 
^ 1 A\V\ A <) Li IaU | £_A J) A i d 1 LGJI CA Ia I ^AA^. JJLA I <jjl J\ 


-Ua^a 4aj_ACj V I 


jIaIaaJJ cUa CaaI Jdj .J_ aa^ 


cj da -j 2004 c .j duuJI (^dJ fJVL Nayl.7 &l laJI 

lllaJI ^ ^ mutations Olj—ib ^^ ^ ^_cj-oa^ 

u-° ^ dAO—Na v 1.7 

oIaaI LllSt Cjj(jlG <J_ a^a> ilia. — ^JjJsl L_aljia^l jlj_oal 

<<^la - (»AAj .s>j <d)L_cuSIj .s> 2005 ^lc j • 'I 

voltage (^) 
inherited form (Y) 


JjLaJI ^jli^ jG dorsal ganglia 2 ji^ iaJI 

O^LGaaajlo 2 aaa cJIjlA . 6 ^)a-LLlo _CuJ 1 

CaIa j) \ a^>» 1 JaJ^jLII — cajIjlLc J^-cIa — ^ 2*21 
jilaG L^jj Ja 6 J—A j < ^^AJI J_^JI ^ 
^aJI 6 J_A-O-ll 4 jl£.L>jJI _l^fl 4 ^a_<aj 

L-Vjl 1 1 j jA^-alll iljjj-t-al 1 ^IsIaJsI 

4-laJ^^J l 3-ijJ^I jail Jd I jli j_cudA ^jJI 

.(JV 1 >. Gkb cjUI^JVIj placebos 

1 * ^ < l^K 4 \ \ is*iX 11 Cj 1^) 1 a Vi^f 1 

^-GaI^a ^Jal ( j—o jJVI JaI -cuj 

cr 0 —““ 6 ^ CSA^^I i_s— ! ! 

ai^Vf 32 G aaa_cua oJaA action potential S 

(^1 tnC ^ jaa-uIa^jJ!j ^jaJ jA-all 4 a j)^. a 7>11 Cjl^jJI — ions 

jJu-aJI 4 jlaIjlLc c_aj aA J^La. CjIaja^I cJJa dljaAA j .4 daJI 

c_a^jaa j aon channels OldOl^ _ cua ^LldJI 

1 ^AA\A jajJG 6 jJ aJl cJ-1a-oa CjIaaajja (J«g CaI^ lUl 6 J A 

^ 2*21 cjiLG_ (ajla cjIaL^a ^_aj .^-jAill j I (J-iLLI uaaa^aJI ^\a 

Jala ilola-U Cjl JaJ^aJI ij-aA-aalil CjIaja^I cjl^la i a-djA^A 

. 4aa^1J1 4a 2G1I Ls^laJl ^j_o ^aGa ^aJI CjIajLga^JI j I Ijl jaJl 
jaJGj 4 \ 1 k. 11 4jLaj-ll CjIaja*21 j_GG CjI jllJl cIIa ^caIaa Lo JalC j 
12-Aj .*LidJI ^jl£. II J^^JI) a \ U1 ^ 11 ^IdAL 

J^jljdJ 4_»_uL_uaJ 1 ^ja.^1 CjIaja^I CjI^ la ^aaa < 6 j(jjA J[^ajJI 

CjIaja^I CjI j la ^j-c i JJ£. ^G2 a 1 aj\cj .4 ,\C^a 4 \i^\% 

CjIaja^I d)L <4 iUJSJl jj-ll 4 cuLcoaJI CjIaI^aJI CjI 2 

Jjia jl JjLaIa icj-cuA jlkG ^aJI jaaGJI 6 ^jbja^A ^_ JjIjJI 

jIju-uI ^_a j^-oaJl 4 U 3 \ La 1 jj2S <a_<ajla 12-Aj — \ is~i* 11 

JIG jAjaJLA l^_aj I jaaGJI 6 ^3 ^ Iaaj .iajll J-oJlI ^_uaLj 

4-ajls_ll JIaa 4aj l a \ \ iJLcuj JjaJI ^2 ^AA-aC 

• J^U^O (jJI 

J^Aj_ (-VjlxJI CjI^a _coll ^£_a ^LlaJjG La-a j_ 

CjIjIaajVI c_a_>, GlS :4aaja^I CjI^ 1^-11 J^j-* Ij-Aa^l 

L^aJI ^LlaA CjI ^Ull <jl Ia ^ IJ ^^a coll) l_2l1aj 6 jljaJI Jjla 

SSJaLajla IjljJl jJa ^aJI cJJa JaLIa ^^2 6 jl- Jj| Jill 

cJ^HJI cIIa — lalaJ| JIJaajJI 2 )^ LaAjj — Ladj 

1 ^ \ a (_3 ^£.^Js ■ I Cl) JLcu! Cjl^.A ii)l 42 J^-JU-UA I UAA 

^ 4 » a | 4 a \ 

(jl JajG 2 h°J jl^ 4 ajJ^I CjI^j— ljjJ ^jAalAJI dljj I jlJ 

4jLAA-a»JI oGL^jJI ^ _a ^jAjjA-all ol^la blocking jl < 

JjLa Jj)» all 6 j_ai-al ijJLj-aji.1 CJljjail2 — a _l^fl t_2_laA 

^ _L movocaine <j^Ji lidocaine 
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,1 Lj 


w sU 1 IjU 

(jxillll JL1 I jll JMI Vs icjJULC (J-cl^C 

<JU-ailL> Jj-ojJJ <Lc-3aj£. 

3 U <3j— <-<j — ^IajVIj 


^ j~q~ CjLcul^jjJLs . jLl^JI A^j-* * Jj 3 — 1 \ oU l r 

<L_Ljia olj-iij L-U- <_ajlj L_JjL^lll 6j_& 3 I 


Jtail jl Ja a Vila <1 JaLuLuJI ^A A—oVI 
•fJVI oljl -CU^ ol n>H 

^kJVI 6jj) Jo^ <jla <AiJj ^ i £j 

P-IjIAVI <— 2 ^_<-<JL-> JoJLa <jaajJ jaJlII £-o jl Jjj 

J-al-JJ 3 * 3 U j wear and tear ^j-alllj 

j^il ^_lc ^-jujl^JI 0 ^a 3 ^1 i_U- caaJ 1 a A 11 

Jaj — t_all aIIj ^.a 1—©_» — ^j^fl 


<_»j| jjjl-*- 1 (j-»All J ao ill (j-° &J a of- Jl~^ 

a. ^ a a !6jUjuj i**> . s i ~a. ^ 0 1 ^ < << Q \ ^ ^ 1a 1 1 

A ~n. n*n (j-oj_o -t^JI f-j_co 

e-ljj j-\_> La-aOj-o (_^al ^ a o) Oj<tiC Jl^ j| aAIIaJ 
4_ij| a. ^ v \ 1 ^ jU»Ti,,■ i o < ^\ 1 1 :^j^_i_uJI 

(j£Jj ^ Jilld j| L_jl-A-SlC^L 


. ^ ^ \ o <J^ll ^A JaAS I j_a 


til . 


(jxiljJI (jAa \ (Jjl^j ^_ill J-olj*JI LoA 

I A$-A S jja-o-<-OL3 (jjJ^^J Jfcl\ 

‘O^ LoLol <Jl£. <bUNI ^11 ^J JljxJI 


<LJ 


. j-o*JI *aAAU loAic ^LA> ^— 1 | J j « t.l oU^VI 3I jfi 

^A (J-OlAJ I 4 II JJjlJ <^ujlUj 

ollicJI :Hardwiring ^_uljjJl <L-u-JI 

JUl^l^ <Ju_oLujl^. J_o (j^JLal ^j_Lc AcLcijI 

^<j <^J^U JjaII 

J-^.1 J ^1-^-1 6jlla_o jJlA <1 lLIa 

(jl ^c^.jVI (j_oA JJ& <UljL2iJI (J^al^*JI 

«Glq j^I oL-ullI (_^jJ jyajil j^LsIj 
.j_qjl1I jLujlo jljloL (JL^jJI 


oLa^JI o^xju :Personality 
(jj-dl i, mlli. jJ^l-^JI skewtnll 

u3*^3^ 6-^^' d-^jh 3— 

Las _ci Jlo) catastrophizers clijl j-5JI 

. (>) . , 

(( >J ,J LT? J)) 


OljUlj .SllL*-oll 4_i-s2^A j^l (*lj —^-11 

<kj>lll brain circuitry 3u£UjJI 4alL^SJI 
jljl I 4 II 1 < A d jJ-u SLal^II j j \ a -si 11 ^a 


.^JjU AiLIaJI ^ jljlll :Experience I 


(jjlj-cL (J^-» uaU <aK j>^] 

5_)lcjJI _ Ulj j/_ 

dill 31 ‘[t-li ^al^aj> 3 ^ jj < -p.A^ll 

ILIaJI Jal lLj SjLij Cj JI CjIj—aLJI 

Jjl3LJ^ . I (_^ \ A i jU JA ^jjI Nay 1.7 

‘_vl^> 4 jlK j^c] <JJ(J .J> 
CjLj^J ^jl jKaAI ^_A ^j^.1 <JU. 

2/julaJIj ^xaL-llII Ul <—\xi-ul j->j-JjJI 

6jUj j)A. L-A_i| 1_Ualj cr LwJl dliJIj 

J^VIJ .6>LLJI Na v 1.7 SLlill H . Al 

‘< 0 ^ J> J <J j JJ - G> f— 


jr^lc j-lij^l (ji^ 31 1 ^- <Na v 1.8 

^_lc 6 jLlLLI ^aL) L^-Jlo JjJjlII 3 ^ ‘f _Wl > iuLklJ JjJja 

^j <Neusentis 5Sj_UJI 3 , 0 ] <Jj _«_ul£ .n> UiLI lo£ < I_JU. 

jjj ^ 5 aco-JI oVMjl£:VIj ^JjU Pfizer jJllI oUUi j 

< 3 UU>jjjlUI (Jjla 4 a \.\^ 11 <i_>jjjU U^Lkj .^4 jJU _uill UJjijI^j 

<_cuaj jJI pores ^LuiU _<-ul V up 

J! £\P C> IjlkLi ^ ^iJI olj—lU 

jj»_t til a <ii sUaII 3 -° ^iaLo-o (J-oaI L^U <eJJj 3 ^ 

3-0 I I ^ s U -0 ^J ^.1 ^Jl 6 1_Is 3-0 i ^ll^wlj <jlUl1a1I 3 j-S 

2003 (^j • I jLoI jKi 1 ^ U i 31 (j2s>j_-L a»j a laa^jII 

LuUljl u u^l <-ljl a \\ 6jLo eiLiil^l <Jju_ul^> <-Cj-Q-^Q ol^k AO 

. (r) Na v 1.7 SQ2 lL 1 k\^J|) 3-iklill olJA 


■UAlUJb^ 


I J- 2 k <_Jlc <_uUlj| l^J)) <<(Jju_ul^> J^jLs LS tilt (Jaoj 


jljllJ U*^JO OJ 


iJdl^AJI 


WHY ME? (*) 

*Ufrll cr^ 0 ^^ h * ^ —^ (0 

. (jjjA^.^Ll ia Ll^.^ I (_■w » 11 "'j 

the Na v 1.7 voltage sensors (Y) 


Ljlu <^7 Jj^jloI^ <ji_oLa 3_ A LoJfc^l^j 

SUUI ^ cj!j _LtJI 31 2006 ^\ _c ^ 

0JI31 Ui L^-lLilaj Cs_^-O J*' Na v 1.7 

6jjU <JU. OJ-^kjl-S (jxtlxii^k| 

<\ \\ ^UjJI UlLc sj 

.(j2ajjll I _J-S_ tlu V ^iJI Cjl _ 

L^kJI Cl> U1 a til^^f I 6i^ U a U_o^ 

SUUI 4jlo_A| CjJ^I <jjUJ| jj£- 4_iIjl^JI 

. ^xjul\ 11 ^j-1 ^jjj L-a^l (^J-S Na v 1.7 

iuiA La^Ij-o| < 3lou-u^|J> ^jJ2kl JaI 
^ 6 JjlAo 33^ kii CJ1 xo^k t i L^l^f 6jjll 

^)j^l 3 j£ kii < 1 a^j-o Cj IjL-ui olj-tlij-o)) 
^juijLst-o ^_o <2012 (( - Ujji_ <-l 

ujl A^cVI Jill£.li . Icjjuiu I ilUk itjJI 6 I (^A 
i—1 \ A^> \ a_a1j i-Ala-^jJ ^.J^klAO) ^Lc jXj_uj JJJLJlII l3U1^I 1jJla-oA 

. UlLc ^1 ji^fl jl (_£j-^l <l3Ij1s^I ^ jU^I (jj-L^kl ( ^lll ejl A^c-^fl 

5JUJI 6 j-A jv ^ ijJ CxA^>^. .,a7i 3^^! JJA c it^aj j j 

Jlo <<i^3ll 3 ^-a-» Cjl A^>cVI t illl JAao _I—AJ 3IS 

. 1 aAoLc ^Ajl» jU^I (—Mao 3 U <ja^.VI 1 ^a^\ 1 I ^A Lo| _<-ajJI 

DNA LljJI 3 j iaU^JI 6^Jjl»-oj <3^-° <-u^lj> ASj 

^A CjI jaU IjJ^kjj 6 J J^k o (_jL_ (_aj| Pol J 3^^^ 

cj! j^klj <^_Lo %3 5_»l^ ^jA Nay 1.7 IUaII (j^^.1 ^ cjUa^JI 

^ Na v 1.9 SlliJI ^ cj! jiL j %9 ^a Na v 1.8 ElliJI ^ oljit 

J ajliJlII 31 Utaj| <3L i_AA^Ij> <£j-0l^-o CjJ^kJ jij . 3^J^l %3 

J AC ^Llla-s^jlII (—jLa-s^cVI ‘ ilil <L^julj 3-03H ^J^fh 3* tl <^.11 

. OjJ-A-ol ^jJI (—3 La-a 2 lCVI ^A Nay 1.7 CjI jIaJI 3-° 3AJJ-0 

CjIjjA ylil <^ljJ II Cxl^j jujJ <jaI^ ol, it a II til t Cxll^j 

diJ-OJU-ol S .\ \ ,\C- i " s I J \ 1 M Ij <1 j A ~v \ <Jl£j 11| d < < I I a. j 4. \ j ^1 1 

6 Uill j Na v 1.7 Si_ill I t-SA^i_ cu1<jja 1 jjjtix Pfizer a£j ..a 111 
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(**)<>j_u_u&j pLuj 

CiiUJI 4Sl_o_<_u (^jjLju ^Ju-oe jaJj ^_idl j_id!) J_Hill ^Ai*,.o 

jo uJj. * A s ^£jle ^J| fiLjSJ oIjSjllj (J^l_<-u^VI -Aj-S :SjJlo1I 

Ja^S ^j <allodynia ^VL j^l <n^V) -b>4 ‘^A*l V o.. 

juL_aA2l Ajd) 4_ ujlaJJ 4 \Ts jaJVLi jll 2 >-J jjSjjJJ 

SdJi coil (_xjJAJ 4lAj jn^< jlidll jo ^lil J^AS) J* *v s jxJVLs 

VI CjIj—I s ^ oL^jVI Cddel_<-u Lojojj . (<d_jj_s> 

Leal* 1 lA ^j^Jl 11 j^.| jLujlo jc-t-ljl < juL-a^-VI Ajd jJi _<-adS 

fJVI CdljLtjj| (JVtn 4 jJUlAlII <JUJI ^_ld .jjJVL juL-a^Afl Ajd 

ejl < ^ C. V1 ^_o 4 h.^ V\o CjIjL<jlo dl dloL iij-Ll ddl jl duVIj 

cl£Jj <^LcdU j-leVI jJI ^S j-oj j^J-All J^aJI c^i dAJI j-3 

Jjl^JI ^1 jAllSS oIjLJjVI jll jjJVL jjjV i.iiI Ajd <JU. 

.jjJVI jLjjlo ^JjLdS jtudJI j*.xtn *<n ^iJI ddllj w^a 11 l^^jAall 

JjlS j^ lAJl djjd^» ^LlIA L_dj*_> jAo I ( ^julXjuj] (^J^v t7l 1> 

i jLlLi Sd-^.1 j IdA j-° CAecU^ (j-°J jLsLJI j-s ja_S^.L> 

[dLuA 4 a_oA ^1 4 jlj— dll I 4 ^ jls*i 11 dfl-*-o jxs] <dlijljS ^£d .E> 
^ ^^-tAjil JldAVI ^AxjjIxjllc <>] <jl!L_tJ .M> SdLll-S ^jAlj 

c j3l^UI d^.J uLfcP^I LT^ -‘- u b J C5^ -[j^JJL^ 

.6jjJl^JI <jJL>jJI I_»^LkJI jll is~*x II > aIs 1 4_>Al_cul 4SI 

jj^S , (Y) jLAUI <t . dSS ^1 iiciui <n^ll <ia^JI 

-ujJI (Jjt^JI oljjp x/^C Jj— ( j] ^ - \\ £jl- ujI 

_t_UJ ij 1 J ^ I I 4i^Lj ^jLjUj^, ^j-O iollJI I_^~\f-j) A 


KCC2 


(n 


XL. 


^jxuJ JsVI — «cj^. xAa II jl i_jlsJI <AjlUj ^ j3jli V I jJj 

.6j!^Jl1I CjIjLlLLVI 

-<_UJ dlJjJ <L»-cL^. ^ ldjj-S <dlJj £■ l>JLi I (^J 

ju^li dUj dx9_f^ Vn I j Nay 1.7 Si_isJI I_(-buil 

ej_utMj .<jl£.LjlLI <io^JI _ <-^lo <^(^j_ — antibody 

1 ^ J> II <2014/6 ^ ^ x Vi II 4_cul^jd 


<<5L-JI c sls2vj L^ ^Ijlill ^jJu-olsJIj ( ^jL^jLI'VI ^JVI 

. 4-^.1 jJI (JL^-o J[j>a si I 4ju^Ij 4_sjl2.ll dlt Ja j. s ^jJI j-^VI 

^j-oj-oJI ^_S 4\ \X a Cjl2jic 6jj2 jX^-sl xti^s a <11 ^IjjI jJjL^.LJIj 

^alA] L-oljI ia^JI jAa s jx^_aJL^. j2 Nayl.7 6122JI J-^3 lL1 

. [24 <w2 i^W ^2 j\i22\ 


w ^La^I 

<r 

.< sj ^ II 4 _Ul2j Uj j_»jj_<-oJI olj—cx 


J-ojuj . (potassium chloride ^oj^^ 4*2 KC) 
j-»jjKJI CjLsj-sV jjlSjJI jjljjJI JabL-^JI J^IjJI I 
Ls^LkJI jl2 <4 jjuulLJI l_5jj1sJI C^Jij • L^jLkj LiUJI J2 ^.Ij 

1-^ { ^A _ (-uj _ <-^l lU^-II ^2 SjjJlx^JI 4juu-«^jl1I 

Ciljl_ c u-O ju L cjVL-o2 VI jxkaj interneurons CjLJI) 

jxiL_a^.| ^-Ixu .jxJjil J-i^ jJjl_<-a^.Vlj j J J>l'l (jul_i-a^.VI 

4jlq U4. d I 4^j 11 ^c-o-t.u-s 1 ^ \^>.l <lll ^ jl j^s ^jUJl jjjlqJJI 

LllS 4 ^Ll11I 6jj^JlII 


Lo JjlCj . Ijl2j_o jxJVI c Sl<L-^Ja jl_s 

6 j-A jLs <KCC2 cj! Ijj^JI _<JulJI J-p»JI cjI^j sx^sc j22j 

>11 j^-aUI jAi j2 j goes awry 42>Vto j-uaa 0 VL- 02 VI 

C_jj_i_alxs 6jLsUu_ul (J^d I j| 4 j| 4_SjlaJ jJA^LJI . Ill 

.^2lSjjlJ j 2 <JixxiLiil jJlC CjIjLujVI jj-^ <KCC2 CjIAjAI 

IjJj2j 6J^LcjJ <dllss(^d> j2kd2 2013/11 J^_ UjJI 

.KCC2 cjlAj^JI j->jjK1I J2j ^xjj iAjo Al_ JjAL 

HEATING UP (*) 
PAIN, MISINTERPRETED (**) 
the transient receptor potential channel VI (>) 

. Lfrijl La 3^ ^j^i L^-j-s <i_l»J (y) 

. ^JajLxjj_jJI ^ -v ^ U j jc, £ajlu 3* dl ^ya •. \ > rt <»<*> 11 — soothing 


■“4j 

5 ^.buiai i43 Mil,) 3 LV4JI _(_oj 1 4jujj| Sll2 dJLl^_s 

6 jlJ^Jl oLjJj Jiii L^jL 0 ) (TRPV1) VI . 14^11 

4jjLoAJI 6jlll l5 _aj ^capsaicin ^ ^L^-^LSJL-ij <12.1 <_JI 

<jLAI (j2lflJI JjI2j die jjLAI jjje_dJI ^lll 

jl jloj .^JVL jjj di j^JI L»liLlJI j-b. Lajj^j j— ss 

jL_u_> LujjIjlII^ <jloU. ^J^Ajj <juj_dj^. .D> ^Jsull^l 

dls < 1997 ^.Lc jj^llJI TRPV1 Si_IsJI j^- _ km i <llj2 

L^-A-o-s jl!l cjIAjcJI j 2I (—s2>3 ^_a 4,v-o^kII j^LJI odAl 

.SlUll j-sjb j^ jjJVI CjIjI-kjI i ol 

4lilj^ I del j lid-A l-^lli d- - ^- ^^2 TRPV1 Si_IsJI cjjLj-^)) 

<jjijjj> (Jj 2 j LA ((<Sd_LI dllS Jl>b (d \x \ d^. ^dl_l-o 

djlj-j-^tAli . [(NIH) 4jAjj-oVI 4 s^. is*i 11 4, AajJI d-^LAI j-°] 

^A-zUll *V >Lil l^J duA slull dlls (ds-llai jSJI Sj_SLJI 

Sjlj^JLs jjj l uiI ^deJ _ ljjlAI SjIj^. J^LsSjI Jlo ( 1 -^-i.S 

jll o^.y 1 j-*- 21 LojS l 5 1 JI Slllll 6 d-Aj . Lsjj-^ uy i iS d 2 L5 iJI 

Lisj^ j^Ji d 2 ^jL^sJ'VI uu<tS jSJI dljllj eAlis-ll ^ j_o <_uj 


*V (JjLoVI f-ljdll>)) .4 jLC<jlA 1 Cdljl_UJ^U d Sa r> ^-^d jIAo L^Si 

<( i 6 j I j ^ I Ls juUu-.2 ^JLe Slllll core 6 jdl ^ I c. jLj a *< m 
iLsjl_o Sill [^d^-s jl Aid 4jde jOlSj Jj <<jujjJj4> JjIj LA 

.Jal jJq sII ^_S 

j^—All ^LVI ^1 Sjkl. <jujJ> 4 > ^jjl lAl d_Aj 

Slllll 4 \\A A _adll 4 jJLc jj xs*> Jj| Ijj_dul I_odle 2013/12 

del_cuS ji d-iV iojkil 6 d-Aj . 4 a Is111 l^lVL^. ^1 TRPV1 

LodSe Aid Slllll d_ ljjJ L 41jjA jj_t^oS ^_le jH^LJI 

.jsJVI Lgle lIjjls l ^SS s i) 
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Cil j LUoill 4-111 4,1 ^jlu jl pi <trt 

i-j jl ^.iKloli cjSja ,^-lt j^^Vi juljJI 

.jM (1^1) <LlLl 1 Gjl aluLl jl jjj oL^£.yi 



.^£xqL»ji j < >g» ii jc a ^ *11 <uiaii i_sijjLJui-oi 

GjLaljVI plj-ck 11 jj-uXQ I < A t) J-A ^_a_a^l ^-euj 

Gjj^/I ^k. j —$_a_a ^.a <_uVjjl^ 2 »] <jjjL ,A> o — ala Ha . olj — laJJ 

j-a *cWI jl * Ml jGj| jGjj^. JjjLj [1- CUJj£ ^k Gj 1 A llj 4jJjj^JI 

jjjj*U- Ljja; jkj» ‘black mamba *Ijj_oJI UaUI L5 Ai1 ^_cu 

Q ll IJ 1 11 oljLlcJ j yQ jJjiUI LujCcI kj <GjJj CU Gj-jG Jjk^f 

olii^JL-Lalllj .^jjjL> JjjLi Lai «< I a ^ \ * 1 11 ^ \ * Vi 1 jAjljllI ^k 
ol jAll j-a <Qjl*_o k.j-a^_a j-x-ijlj < q IA j ^ 11 ^_oj_uj Lai <mambalgins 

cjitt j <jLSjlaJI c-jl ^C.^l L»lLl ^-3 jALa^.^/1 j3» Am i <n ^1 GjjWI 

.^cWI oljLeu| JLcujI ^k Lijlkll G£.l_euJ t^jjJj 4^11 ol^jls ^jk Lai 
ol JjUl ^\Aa a ^_a jGG ^| L^J jxclI pi A^. lluLaHI jLa (iA-^JI j < < i ->>. I j 

jljlaJI (_^dJ o ^—1 I 111 j * <<a \ Sk ^All j-a^l GjjWI 

. £t_cAlj ^oLi- jAj£. <j£| oLSJil gUjj pike ^1 
GlaJI j_a joJ <1 > * < ^9 II L»jlkll jjjLajJI joll c_al I ol 

^jLljjI] <Ghjl .D> (Jj-3 u*nM j-a—cuJI oLi^W S J-L-v jJI 
L^lla <^JjU l-j ji Vn ^ toll oLuj^. ^GaJljl La IjLa .[^—a 
2004 ^lc j A\ a i, A(g II <ia^JI uum (J^L^jVI j)l ^LLsG 

J i ^Ji ^_a_<_uJ ^JjlS < Li^J^_a^fl ^1 JjlII 6^)1 jl I 

j_& ^1 —t_u ^_L=>jj^a ^_a^a j^a Jjjjt-a ^ < ziconotide 

GjjlII qLJa; J-a-^Gj *1 jJI Ij a jjfllj .Cov\us N/\c\ouae 

. <^i^> Jj_a L-w <1 ^ \ ((<6j-U^ J_U^joLjUULa j^J ^J)) <<LaJfcj_a 

^.^_a-t_u j^a 6 J a w 11 11 1 \^s < 11 a ^ < . <. \ \ A SjLcLi <i^Jjj^> I Jj Ja3 

^1 CjLuj_^JI ,J_>J-^G lS _L 4 jul^uIjJi col J_al jGj . jjAJ.1 ^_a ^aJI 

oLal^cJLa .oLairv <1 JUULa^fl (jALa^.^1 j ya (J co^Lco LiAj-jJa 

V ^ _ coL-Jl ^k enzymes - jA<L> LiL!i j— l5 _ a 

1 ^ < Aa \ £_a oLil^lSI Jj—^La GaJ .ol—sL^jJI jl ^ 


^1 oL^jllj .^ all jl jj^dl ol—.41-JI j_a oLcj^. ^—Lo |j 

juLuU£JI j£. Sj-a 100 <_JI_a_a j^l l-^GI ^ ‘All cVcl .1 1 ^ nlc. jlUI 
^Lc j-a a o^j • c-il ^r.VI ^scW ^_»Luj ^^Lc <gabapentin 

4 _»VjoV I j ^_a <_u I > aXI | 4 \\ 4 j | 4 n a^I | ^ | | ^.aj < 2014 

j_a <Ua I < ^ | . ,.l | ^ j a m < 1 < ii a -x. ^ jf~_ LajJ| c^lco^ i ( yxj I * 1 \ 

.Sj^JLlI oLculjjJI loLu O^-Ial ^iajijAJ.1 £_a^Jlll ^a-co 

* > <^aJLaJI ^ _a <_al_cuJI ■ al\,>~sVI j^ c_aWI o'j < : '<r ^_a j 

^-Ic jjLa c^-Lc Ijjla_> ^—jl^. o~aj <J(—cu_a iGLa l^j| jjL^.l_JI 

oLali <L2cLGl j ^.ao j ^julJI "jj ^ ^ a Oft <_»Lt^l 

J- 2 Cjo Jl\ I o I I j-a JsOa <111 ^_a IIJ cJjAJ j-cG La_ij)) . 6j_a I j 


• <cjjJ Jl^ • 

. jol ^Gka ^a\c. <.^lxxjk M> 


i ((< ^j ) - a -c(jJ I (J.I I \ ^ 


Taking the Sting Out of Pain (*) 
• C^jb f >1 -o^^ll (^) 
voltage-gated sodium ion channels (Y) 


£^ 1 x 11 jlSiVI (JA Jjjjj _ 

jOVi ajij) ^ aioiii ^i.i^"'...! 

Jll j-i ^colcJI jg 

• ^jLcjVI oil-oil ^iJI 


^jluo V <Gli .centipedes ^^VnUI G> cJjVwnj Laos. 

^ 9- 

1 |g*\jm iGGl )) .<JojlcuJl 1I < a^ 1L Q t «< \l < 1 ^ aui cJj u mi Gl <^| kk. ^Jl 
pincers ^Jl <jl»j^JI J^G^LII j-a L^.jj j_cA^Gj <jj-a <lajjLj 

JjL» La^ ((« L^_a_co j^UaL ^Ala 4 A a a (Ll>Lj^ I GlUIS j 1A \j 

.^LdljLcol ^k oVjjuj^ «La_alo. j-a ^ia. ^iL-aj^J <^\ \ e k> 

j-a 6J->Jo <£.ja^l ^c_ul_La (J_coG Ga (y _jG I_cuJI j-a ol jlJ Jjk \ 11 J 

SjJ A a otjujccJ ^auL jjG_a _cuJLa .^JjU Galalll GjJ^fl 

<L^JU^> jLa (6j na ^_a ^ccijJI j-a c^lAa ^jk 400 ^_a j <ol <^C-jLl 
4_a_cuJ ^k ^J^fl ol^_cuLa cJjjG J^-^J <xaLa^fl lG j.a_caJI ^_a cGG 

.GaLcuJI beasts j^ L&jjoj ^_al^aJIj c-i^lla-llj oLlGIII 

pi ^ i ill, (JjI J-» ^-U-csGLl (J-cALG SjJlj^JI <_»jJ^fl ol^jGu oJI jLa j 

j_aJl_l o *N < ti a (O-J Lc L^.*i\J^ I jjca La S)£ I cU_cuJ I ^clI 

. I (g ajfl A n~\ jl ^Jl jll-G ^jJI 4 A a II <_> 1 j^iC-^I ^ lc jGLcG oLuj^c 

olljj-^. ^^laG Gu-->cj <^a nK Ai \ Oj^lG ja ^j-accoJli <dU 1 £_a j 

jLa ,G^cUI oil I JJl^JI ^jk j .4 u^-i j-c^GJI j-a jjGlI IJ & L^J 

c_al J-&^Ij .^sccuLaJI ^jjo j) jjJ c-jl <^c-^fl jjGG olluj-aJI 

ol j Ol —cG jjGwLJI I ^ —cuj ^^jJI 

jj^ ^1 ^oJI) a-^UAJI LuiLoiaJI aj|^Jl 

j_a jA_a_a Jm jl .^JjLl S^a t u w nil 4 n <^a II L> jLAJI (_^jJ 4_a_iLeu 
^Jl ^cl I <JLcuj Jjj-G ja <jl 1GJI ^Ico < Nayl .7 SllGJL cJjAJ <ol ^IGlI 
.<Gal jll <JIG1I ^ 4 w n alia \ . .< LaG / a. i 11 -n. II j_o (^^^1 v- l^c^c i 
^11 ^ a ^ 11 Ja Lujll 1^ J<: t Vi 11 La Lao L^J 4 A a a ^ i, o O ll Gl LlA j 

J^oJI) OioJJJI j 1 i t'lk Min ^_a_ cuj Ill’Ll I j-a Uj^- ^.IGj^L j_lalJ 

^lc j AlliJI Jlo 6 jjjj JaAJI IGaj ^voltage sensor ( c5 _ij^-ll 

Gl Ijj m-SLPTX-Ssm6a 111_cu H»j^- GjjG 2013 

Ski . jjliaVI ^ lc 4_ uIGjjI Na v 1 .7 sboll oIA na J _jll j-a Jl-s.1 j 

Sco\oper\dYa) jJI ol j Giiu^Jl Giiilt.1 ^llu ^k Lao ^.j 

^k IjlaGlcu 20 ^ j-aG jl I (g Vs aj ^1 j ^ (subsp\A\pes rr\uV\\av\s 

La 111)) . 4_cul_aUI 4win _cuJI <_H A11 j_a L^J^ jjlaJI 

jLa <g 111 ^-aj .<lHj 1> (Jj-S cui^) ((<dL jjGcu L^lLa <gL Oj-ala 

^jk L^jI OJC 2 k. fGjQll jljlaJI ^k LaLaj I_cull_a_a IjJjG oloj^JI 

L^jI Jj£. . jGjj-ll j-a J_cAll ^cWI (Jjj -cu 0-cAjj£.l 03 cJjLGjlII 

cjJaII oLij-cA jJ-a_a j| ^xjJI Ina <A L^ o^^Gj-a jJl£. jl^I L^J jlu 

4 ) u^a II 4 I a^ II Jajjj jH L^j| (Jo La-a f<uljjiJI 4_Gla jJI j| 
. j^ajj-ll (Jla <GjjLa^fl oljJ-All jjtG la Lai <Gjlj.ll 
^^jccJI jll 111 La <LjJl 1 4jollia-c<al 4 A t A <l1jj1> ^jk ^GjI 
<G-u_ujJI jLa < jGc^.Ldl ^Ijll (, j-° U^J ^<^lGl j*lall j-a 

^jJI 4 )L^i^fl SjJlcAjUJI jl ^jk H_LG jla .gIIH (J-ajG ^cl 

jlll !k»i oj-Gl^I m-SLPTX-Ssm6a ^j_oJI j-a I_&jaA^ 

j^> GLaLcAl <Jj^. ,jk j^l j <j^-l (Jl*- 3 j ^j_a traces 
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£_aj .jxJVI £“^L*J llliu^.1 ^Kun i 11 

6d-A L^jjJ ^—ill j-cu^fl j£d^J (jj-S <dLlj 

JaLoll dHli&) <JLJL*_a Cilt^ 4-lLiJI 

6dJL~x <_il_2ilL_ul Cild^-I Cm \ a ;m (idide 

^jLi^^JI '_ * li 4 _cul^jj^ . J^dil lc^-1 

^J\ am <£j Ao^fl IjllLJI ILjlLII <AjlUjj 

A QJlS jX^_3 ^jA <^L^-U-UJ>J <<jLa_<-U^lj> 

( 1 L lA-1 I -U_Cu ^jA lyLjl^JLolj^l^JI I d-& 

<11 ^jA <£d-» J _jluJI ^jA l V\ -CM dill J_ 3LJJ 

<dil^x_a 6 j__LU £_a 1 A A \ I VI_*_3 _tx» 

Lo^ ( 6^—julo Cj 1-11_1uj^* 2 I 6 d-&^ ■ ^1 __JlLs 

f- lli I £C^jl I-fl-W C^La- 


JjlU <j1ul-JI <j1uJI <jx»I_ juj I ^_le £"^L*JI 

jlj-o^xl (( L5 -^lj J-^ lj-°' 

^Jjjjl dHJj^fj ^—llJ^ll jxJjll e_alj—laVI 

. IcJ) \ A7) | jxWI CjVL^. (J^IIjlj 

iL^C CdLajl ^J-IalJ-C^l ^jLa <<dl_£J J> ^Jl <ju_ajJLij 

^^.lej . £_uLcaj I <L*_a-1lJl> d£-jll J_l 3 l~x a^i J^l J-Sia SjVJ JjlS 
^^jJI steriods Old-ujj n util ^.lA c^lajla j_=xl 

JjLa Cl 1 ^J) A A\ll ^_le lA^- 11 ^llj ld£-L<_u_a t 3 Jfl t CuJa£-l 
Cvl^l M A ill dli)) . 4_a I ^J| <ju_ajJLi i— ajl! l Jj* <3 a l^J 1)1^ ^1-11 

ld-L CJwdx_s ^xJ La J-&J ~ j^Ladl ^jlLJj jxJj < JjlUI i ^A^Ti-a ^_S 

d-~%. I ^i-M a<i) jxJj . <dl jJ> ^Sdl La^ (( (j^-Q _lli <1_ a_u ^ If. d-ijl 

Jlai Jal (jSl jsJ 1 ^ ^ 1j ^J-Ialjd-VI 1^1 JjLc dU . Idli JAII^> ^jl 

Cxldj ld|» . J-a^JI ^llli 4llLc ^iJI 4_ < - u -^ <1 -iLa_uJI IdxLlI 

^IcLcaj :j_C|LlO djdj-C Idd CxS^ W n ^ <<4^3 6di ^-odl (^ 5 -^ 
<^ljJ (_^1 (d 3 ^! o'* UjJ u- 0 _>fdt-‘^JVI 

. <dl_^J> ^)^dl (( i Cv \ ^ aVi ^jJLi I e,u~x I . ^jjllASa ^yc I I dJ^_5 

I ^lL-» 1)1 1 a A \ 1 jxJ^fl Jl_^_a l)dL^.LjJI l)La < dll 14 j 

■ . 4 i^uij <dij-i>J g-i^ a^il 

PERSONALIZED PAIN TREATMENT (*) 

- djljl<-uMl ^xlj-3 - 

Black Mamba Venom Peptides Target Acid-Sensing Ion Channels to Abolish Pain. Sylvie 
Diochot et al. in Nature, Vol. 490, pages 552-555; October 25,2012. 

Discovery of a Selective Na v 1.7 Inhibitor from Centipede Venom with Analgesic Efficacy 
Exceeding Morphine in Rodent Pain Models. Shilong Yang in Proceedings of the National 
Academy of Sciences USA, Vol. 110, No. 43, pages 17,534-17,539; October 22,2013. 

Pain Vulnerability: A Neurobiological Perspective. Franziska Denk, Stephen B. McMahon and 
Irene Tracey in Nature Neuroscience, Vol. 17, pages 192-200; February 2014. 

Regulating Excitability of Peripheral Afferents: Emerging Ion Channel Targets. Stephen G. 
Waxman and Gerald W. Zamponi in Nature Neuroscience, Vol. 17, pages 153-163; February 2014. 

Scientific American, December 2014 


dCxLJI a i 
f-\ jjJI J &it OA jl 

£jlb 4 J jj)^ n 11 

, j^jLI jJVI J^LaCJI 
J-CCdl I jib jti 

JaCsI ^ ^Lx 
^1 J-LXl <3 1 ihll jSljJU 
<-uju -ix ^1 jlodfcVI 

.UaCJIj^^xUI ^ 


d-ij(jJ^JI Cill J-i I U)l^l dX3LU-U^ ^Ijdil Id-Aj 

JjL-xJl Cill J \ A^)C S ^ 11 <AjlUjJI j 

<lU <dl—ll (jc. iLdxlj —d^l 

dlj .l)ldj^JI ^jla-OlsJI ^ _l^fl Cil^liLc 

UUxj llcl KCC2 CiLJul^JI JJX* 1)1^ 

£-a Cilllj) ^ 11 <ju 1LJI jUVI 

.<Jl11jJsI Cil^J-CxJI 

d)VI (^Icx 6jlJ— 2 J ^1 J-aaJI {J\ ^-aj 

Jill <liL3Ui ^_ill(jl_3 tCilll^JL^JI ^-1^* 

(dJL^X lld-A 4_JLO J_3L-~xl KCC2 Cjl_ljji2bJI 

. j, Ail xll ^_a Ci l^xJ IjLaU <_ullll_<_ul Njj) 

Cil^l 2 ^ iV* ^1 .^.^fl <ijd!jU U^lixj 

Jdlll J_ale ^jll <<lai^JL CjI _l^J^fl 

jljJ (jl — Jl^il J^j _<-<-> — <l^-^i Id_A 

La^ <JLkJI Id-A l^ _ill LiUJI laid 

KCC2 Cillij-CbJI I_(^^-11 lilLlJI Lai .<dl_ IjIJ j _ Sj 

<^ljdJI (jij <dllxll^ J-axJL J_al_ UJJ L_5j _I_al <<Jl_3Ld 

4 \\ J Mil 1 A-^bj-C 4l| ^Jl ujjLxjJI jJlaIuj . l^LJaj jJlL^-1 

Ci^Lallll ^j-a dijil <^.jj ^IjdJI l)Ls <KCC2 Cilliji^JI c_Sj__a-o1 

<^j^. 4_x.j_a J-ae <jlAjl\ ^e dijll ^^jlj . 4 \ 1 ^ 11 jc-Lj _<_u ^Jl 

.<JIjlSj 4l>aj ^xJ| Cll^j_u_a jj^lall La_<_uLx fdlld J(JJ-ll 


IU <J (jJ^i_ <-<j (^1 jdil JjLfll_A_u_a ^jl 1 /ILx.LJI a d^l*^ 


4 \ 


jl^xj d^)lJI Cj l MI ^ ^ , 


llLa-A^ J \ A A 1 11 1 ^^LsJJ ^)l »_<JLa J_A-OlS I 1/-Jl 1 Ait e- I ^dll 

Id-A ^jU <2>Aji.l Wl J-aljuJI JLx-a _li 

l)>£l 1)1 dj—1 2>^1)) • JiVI —L IdJ J-idl— ljA\ 

CJ^J-° t ° dJ-dx ^Ul t kiJI La ^J^l d)1 (3 

Laxu A ^dil Id_A J CilI < ll_ui\ J^dl jxl <6d^- 

<Ct \\w D> Jj^-> La^ ((< ^Vl A jd_11 dlJd J a^)^. 1 Cil I 

^^iLsJI ^j| .[djj!_ «-aj^I 4_s«aL^. ujl A^iC^fl jsJlc*] 

<dLaleVI J-JLAi <-» Lali| jxJ^fl ^Slj>a J a A ^ I 

. iItlAJ I j <J>J ^xl 11 ^_le < dxSLJ d-2>- 

CjI^IcII ^ ^jdll Ciljlls jX^_idJ (J^l-ll (^-^J-ll^ <dild 
Id jxJ^fl j-r^Lc J—3 l^. <-1-4-^ j 4^I —Ic- L)VI ^del— lm j Nav 

(j-»dil j a t> \ 11 ^ ^)La <Jtlil JjLi ljj ^ aVi £-^ll^ 

jlj 4 ili L_^I^JaVI I_SjL^. 4 _j lit Jjij_ilxj 

jxJ^del_ cuLi Na v 1.7 llllJI 4 j 1Ijj !j <d-> _ <-uj 

cjLj^ jriL*J <^ljd j-Aj ^carbamazepine ^jlSJI A jd 
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Jllajallat 

8 U<!P!i'i'om 


8/7 jj.ixll 31 jJLaJLI 
2015 ^ J'u-ucl / 




ol jJu^dLujJI I <II I n 

,v_XJ_uCA\ ^\l\jVvA\ 4j\^-Ci < { ji£^Sj ,T> ^jUjjUuW bJuOCi. JLL& 


Li_u a jj . S> 




^j) x^aLjlj J-ll ^lLlx-OlS ‘_ « • <* ' j > “< 

^_ol_ cujJI ^_ cuVI I j-A 3 k: x^l l^kjj 

^ Va^X V) )) Ijj^t_UJ La_cul isllxa_<_u JAQ <1_ jLlV 

.^j-ail JjjkJI (1)< LakA ^Jl 6jLlil Pm0CC\\\0 XeX 
5J_i-aL-ti ^j_a Uj^. ^_2^.1 jJ I j_ aI1x_sj 


(cj!^)J) x^jJjl jjlaJI ) <j_uj_<JjJI dl4 jj) x^Lu J-ll Jj_a 6 JuJ l^. £j \ § nil^ a 

6wl^J L\a^ 3 Oj^lC ^^iJI <<Ju-^LLI j_ iVjlX-11 Cj1j>\ xnll ^J_a ^_Lc 

jla <qj-5v^j T> ^jxjj_2uJI >_aLxIil^l Jj-OlS .<£.j)a^ 11 

< (0) (<U.lfrdl) jwVAIl Ij-A j!fG-«-ul <c j^ ^ 

f.\ j_x-i^M JajJ_caJJ <(jLik| 5 l^jLa 13 <J^k £._Lu 

■ ^_l£. 11 <1_ VjLj _<_ul <dlJ j £_aj .<Ljl1c 

oLjil ^j_a ^LlLs ljj£. ^LaiaJI l_Lcuj^I <^j-cVjlJlII (j^JI (J^LLj 

1 xA \ I L^aL-wvl ^jJI J T> _uuJI j(j-<-^ljDjJI 

Jj) ^ a < qiiNA j .T> <jl Ij^jjlj <k>j ^ I a <J£—Joj Sj-iJ^ 

Lx-^Lk Lcj-3 <xAII oL_u^jLLLI 6Jj& Jjjj^ JA3 iSjLau <JL^. 

^LaisJI ^gJU-u Jj3j . dl4 jj^x^Lu jJl e.i xn\ £j j» xVi j/'xA l^-J 

c QjlSj d-Jj^kj *Lcj < <_auj-tjjJ I d4 jj) x^aLu jJl CjI _LaJ ^ILa ^_S 

<J_i-aL-aJl <_a4 J-x-^Jj I J-^. I ^J| J-OJlj clul^ 


.^Vl ^JL^. <_sL^J Mj C\aL> <Jju-u^I 6J-A j <<jj)jjl!I 

t LlxU^I <wAlll <ju-u 6j ..xtiC JI1AA. 11 jl J_o 

cs^ <—CjI jj) x^aLu jJl I _a I J_>J_a> U^20 j_^ 

LJ^JUlc _a >/*> dilj ^_S Loj t^JLsJI (j — 0 ^laijuL-a ^_sl^-a 

jij .<jJLc_lxJI <julLlL 1I ij_ j! jJI ^_3 6J_ o^JlLI ola 3 n_i_allj 


A 1 \ is~) k ej 


6j^s. xV) ^ * 


<_ulial CjI ^ xV^Cll dit C 


j-o^j 


(J^JLJ jl f<_»L*_L1 <jilAJ-a <L^jul 11| dlui^J CjljJ-x-i2iLujJI 

RISE OF THE TYRANNOSAURS (*) 
. jxl=T^vamosauvus vex (v) 

.t_s^0_u^fl :j| (Y) 

Q\eezV\ouseuvus s\rvervs\s (r) 

.(jl<—aj| :^UAJI (0 

6 j jll oj a ^ * ^1 <Lola^_» «l«lK j^ 4 q~ ft (J_uis^L» t ^ ^ jl j : behemoth ( 0 ) 

(j >J^~I1) .^Ijij^l <L«lx^_» ^| jl^xaJI ^Iajj CjMaJI iijLcu_uJI ol-jl->jJI 


^Ll) (J-alc <2010 jal_C Jajt <i \ x^> ^S 

Ganzhou 5 ju j_a ^_a ^LuJ ^uL_u I j-k^j 

i t—\ 1 x^a <GjU^ Cxa J.U x^li (j^. x^> 11 _ lL 

( l^_al <—x^i 1 4 jj^. x^ <LLlU Lo_Sj I j_cu^fl La_a jjLc < La 

J^Jp S& d^J^-l 5 1 X^a a <_)| jl -caJLJJ p La i-Jjp I J I 

<_a_slk ^p\ _<_aJLJ <—sljk^M <LjLaljjLa < \C-l\x^A <1 ^IVia ^La_s 

<jl 2^^ ^jLkjJI j ^\ _cjlajl ja_i <j| Jjlj . L^^LiJil ^Jl 

< \ $ \ g J iTn 11 x^lkiC L^_jI :<la_ajj LqlC LcLoj 1 ^ \"\ a u 1 x nil 

. A. I 1 ^ ( >-N 9 

diL ^jl xA"J <jV ^LJI ^-3 J-aa-ll ^1-13 _Sj 

\ ^ J-aLaJI ^JlC JAS . Lo^_a lit x n7\l (JjloJ d-ul^ ^Ika H 
^al ^j_a jj coLjljJ Luj^j (J-al^ ^ akc 

C\li-lj A 1 \U CjI^ji au Jjljj . ^^ ) < L yj^Aj .T> ^jjjj x7>ll c L-^l jJl 

<<\ \a 11 <_ lxj! _xxxall (J^jlLlx^JI ^J^Laj ^_a 

^Jl a-^1 xA 1 CJd^.1 (Jjloj L^_jI LlLlxuSI 2014/5 xV.II 

_ jLAi^L _ 


jj_oL h\ jj ^_Li (oLil Vi—txii,l) j^iL^VI f-1 aIc 

^jL-^ 5 jjj <^_ytN.•>j .T> ( jxxj____duJI x_L^.I^JL> ^j-lajLJ SjJlSi^ 


(j£. IjAj ^jI jJlH < Jj—1c. SjjJ <2!iLa£. (^J ^-1 

4-1aJ l^kj Oj(J_ LlJ jj_J I j^oj oljjj x^llj jJl 6 j_A Ol_2 jlj 

.<ilx_u^l 6J-& (j£. <_>U.UJ <Ju_ullll jJLaL^.^fl 

dxu -Lp_> ^1 ^,xx.i <x\\ .\^ ^iLxViSl \<L\j 

.SjjLalll <Cj_aVsl ad^-1 ^LaisJI <Ajjk ^_S CjIj^LlII dlL 

_sJI (ji Cj 14 < <V \5 1,1 dLD Ct... tt 1 j _ ij 

^■a^-aJI Ajl xAI^jlq (£j .Cul^ A —LO jJl1\ CjI jj—xuaLujll 

j>^ <L^jlxu a. xxaj 4x^oVsl (jl <dUj Jj 

ol j Loj <oI^ jlAJ 1 <a_2j!Li Lou> jJ^I 

. LLo* J_c A. \ ^., 1 j-daj 
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C-S^-C LpAJJ <^jl*-llj (Jjp^ll A _i^Oj-C^fl <JLOOjl^^fl 

^ojjli] j nall 6 ij_aIo JJlj _cul j !j .Time Magazine 4 Kt,l 

< (£jju^1x \I Jj_ GlIIj J_colli (jA,_LtOJ Jja. ^JLJLcOJLJ 

cllj ^_s <ol_Jo j_c<llaJI cj-Sj-ll LJLc j^_a ^o 

(j^-lj . <Lco2sll1 CjI jlcJI ^ju-oJUlo J_2>J t—i JLs~iX"\ c | 
jjJ-o J-cOlSI <o| < loSj jf^La.1 jaJLc K^^jjJ-i-coj 1> 

CJI j 1 ^ s)l I J_c*a_3 f Jj'vI (A _cqJolII JlaO/ I 6jlj^f ^_ole. 

<_o-col ^Lj £-aL^- (Jl_cojl jj& J^Ua^fl L$-» ^.l! ^oJI 

6 ^ ltH K dj\ji B> 

2o u <j\z Sk& <jlj_La^M ^_joj_C l iS*i\ _co CJ^J 

Jojia jj! > iLaJt-o I_> Joj_c c_3o_coJI j£. ^_S CjIoL^G _coil ^j£. 

CJ Laj5L-d I Jt ILcoJ <1_ ojlujlI J ^J-C <JlsLo 1| Vlj c| _1^0J 


i_uhlj-oo ^lol Ja.jJI I Jjfc JjLs <dU j £-aJ .-Lalll) CjI^j-coj 

jc_Jjlo oLfllxn^VI _col Joi. I ^ j! 1902 ^.Ic ^_La 

^_3 <!l_xi3SI jG jiLo£. jj_c<alooJ jJbj IjO-Sla^l 

. l5dj_cI JLo_co * ^llImJ_c <oV j] 6j-CjJI ^.oalj^l 

^ ** 

<CjIJO _CO £—c2aO JJLJ jJ A-oloO jJl I JJfc C A 1 JO ^O < lla*2J 

A STAR IS BORN (*) 
.vJ^LluI :jl p) 

foloLiill jc, (Jxla lxJI >.a m*s jl_i£ aIa ^Ciia La i_.il> jfc, ^.1 j U<^l (y) 


. < l_La < 1 ttu ^ Li ' i*i jii d d \ . *‘*i lx, (Jl) lj I j t ~s- , **i Q Q t Q 

■ olo K~n . ift :j1 (r) 

:j1 (i) 

Sj^.*>ll oL'ijJI JLulIj ^.a ^_aj <_>Vj :Montana (o) 


JJJlII 6Jjd^c CiloljJL^. ^L-Cisl dul^ 4-cojjulll CjI jj-c^loojJI ^j| 

1^ 1 >jlo c ^jt_^vrv-> 1^-o^c^.j ^.j)"s. Ill ^j_c 

(J^Ll <jojo <jlco< ftj <_^ 1 otl LU^I CtX-L I _^lj ^jjklJI 

U^l <CiljJ-c^ljojJI J-COX. ^J_C <jlco ^JjjlLc ^ jjAixW 

jj_coJl1I JiLl j-Uculj <^jVI ( ^h° 5o _co (jjoJ- 0 250 La 

Jurassic c5 xxiljj^JI j Triassic c5 _ujLjjJI :5o^jJI iia.jJjo-^JI 

oljjo^lojjJI d _La ( ^Jj_col (j\ .Cretaceous (jj\ <<iLdaJIj 

CjIjIjjloJI <X.j_co_c ^J| <jLcjljI IjjlSUJ <<^yu5soj T> ^jxijolJI 

isLcoljlc _col J-O^f I £-llj _s (A _siLo-xJI A _cojlLlI 

<£.J)C^k c (jA_^.illl jJ^.1 JjO-C <(jo_T> 

^JLAO. jll dul^ ^lll <-COJ_JjJI CjI Jj-collj jJI 2h° 5 oJjlAJ-C 

^■ ( j^jVLi La c.xSbt^L l.K u^l j_pG ^L| ^JLsJI <^l—all 

^l^jul ^1 ^iJI j-aVI <<lco difJ- 0 Jo! asteroid impact 
. CjLu JjJI J ^ f f ' l ^i3 CjI jj-coiojjJI 

ol jj-coloojJI <JjlcOl! ^c_jjlo j ^j£. i_S _liifdl 4_<-o! Coa^JLcol 

4\K e\e\ <Qtf\ Sj .T> jJ_coll»jJI >_al xtr^L Cj I Jo ^oJIj <j_oj_loJI 

^LcixJI JO^ I Jo. I JJ&J <<(JUi^—.F .H> (^-C-J^ J^-J J—co!o 

(jxiooj <^j dl xJI 6 JojlLI Cjlo^jJI 6 j^,aVi 

^jjjoojj <djjojoo <ooJ_c ^jloJsJI jt_ijllil ^^Oj-cVI c_Sojl1I 
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(51i) 4*<rfol oUjj 

Sj-o ^ 1c. J£.L_UJ ^1 V.W 11 dilAl_dTsVI 3h° |jd£- (jl 

di lj(J-col\ vj 11 I JuLSjJt-o l 3 J ^ a a 6j 11$ 11 CjIjJLJlII {> j^ Xi 

V 31 A tl 1$ 1 I lo$ . ^JLS^JLO ^jlC $ L I 3)-^ Of- 

3)J-jI^_j V ^jlsL^J e- 1_ok. J J-^3 l. vUaat ^j(j_ 


© 

C^>1 




AajLa 3)^kl LS—(JLa^jllIj J—cdl (^-k ejl—Xa-oJI 

jl j AjJLa _ cull l$ij-a| t_ i^C (^jl "S. A.O 3) _ a 

3)<^LxjlJI ^U_-yj jLxll j 6jIjoJI 3)A_Looda ^^j$JI dj.^cA^ll 

cdl_(.m^l . Ajj^ a^II LAj^jlS ^yd jJLsL^.^fl ^IjoJi_cuV 


^_a ~s.~i i | J_> < L^jlo <Lcuj_lxJI dll J ^_a Lo_i < 3 )VI dilj(j-collidJI 

<jljIjJI <jJLa_cull ^jkliil ^_a ‘ ki jAj jaJLxll ^L^jI i-a^. 

< juo La (jn^C. ^_k fjJLaloVI e-kck (d-UL^ < kcujj (j-° 

klLxll kjkjJIj f- Lcdll ^A ^jxijlAll J^jJI £-a jxisGJI ^Jl 
. (jo^Xill <jlS j * 7 m i ^dll c AxcoJl 
* a 3 )-a Jjloj jJbjJ <c 2 i^jlijAI .A> jJb ^ Lolxll ^Vj-A do* Ij 

(jxUdjLlI Aiida ^A ^jlxJl Ai CU JjJI <JLOjjk^l ^A ^jl J)l^.l| ^ k 

^_S jJULC c_al_ &&\ ^j£. 2010 ^.Lc AAi jA 3 )_k I dLa . _LaJ 

^j-o iaJLk j-Aj : Ljmiii Luhj j ^ <xjhjLiJI Krasnoyarsk Aakia 

jJ-CokidH (JjlS *wj) ~V 111 diV^I J^*_cO jj-uoljjj jil Isl£. 

> kualxa ^_S <ju-u 170 JyS ^1 — <qiv\sj A> ^jjjj_Ji!I 

i jJ _ 3)1 cU^il 3 )_ 0 J — _ UJ ljL> : ^l J II 

<KW^Va\S {JU^\ m\^ ^_<-ul Aik IjHUl JJ 9 j . kijAi 3)1 _<-ojVI 

3 tUj OSj .AikJ .1 AslLIL (AjlL^-uj jl^ (( 6 ^UaO) Aok ^Jl IjLij_cul 

.A<_u^)_JjJI oli^llAjJI La i*t \a (Jku Ail 

aU^JI QjlC. AjJjubd-lJ I^JULO > ^7 i . A ^ \ \ \ ^ 

j,j_<-^ljLijJI Jl 3^0 (, 5 ^ A»_Jjj V Jj^GJLj 

Lu-Uj(j ^_S AJ lj_i-^L*_o 3 ) 1 ^ I J_A 3)1 j-lj <<^yxkij A> 


- eid^u - 

SXepherv BvusaWe 

<GVc>^\ . \ 1 1 \ i^Sk jJlA^.\ ^AVc. < ^l\_i_u 

' _ "A A_uxd.^ AOiVd AA\Aa 70 I <A\ lCj\ J 3 __ y^\\ V.\W jJUTs^ _Ol 

^_a jji_i_u\\ ^ ^A*cTA ii\'^ j\~cA^\ s~^\ \Aw 3 aJl^ 3 _ ^^^5 1 J 3 _l^AaaA\ 

.BBC nVO\\ A x »\i vvW 


jjJ) l> 6 Lo _j_o 

.OJI 


3)^1 J—^ Vjl Jlo ^ La- ljj) 

o-^o 0^303-^3^3^) u^j—^1 °Ijj- 


tyrant 0 ) jxi j—OJI Mill d—U jl (^yYawwosaurus rex 

.^Y.xex .T>) -> I jL-oAkl jj all j Jizardking 

JjL_uj ^_S Lu_u_)lJj U jl£. ^C_JU-£S I j iL^.lcj I j-i3-a Ljlj dll J 3)^J 
J <3)Jl^ jUj !ds UJ& JAS . J^Ldl ^L^jI £\ A^k ^_S 

^_k ^ 3 ^ (_illlll < 3 x 31 ^^^ 

6^)^-<-L 3^j <qi^> A> (O^O-<aJI a^")Ljl> jJl Ti -\ is~i 1^ 






o® jk_a 3>° 9 c. 




IliJI 


^j^sll ^J-al^ ^ S^ ^ 6^)^—call dll s 3)kl^ . ^JLxJi 

AaAjls 3 ^ aLlji <-uj ^ LoJjlJI cjl^ < LjLi^Ai 3 x 0 31x11 

J-a_Lu^fl 6jJ) x^> 11 ^_a <^y±Ld j A>J(J_colli jll I J-A ji.lo_caj) 


Aij_cO ^yaj)\ t a\ \\ Aika^f ^ ■culj ( joJl ^coxll > icHlo 

■ 3)<1sjlXcoJ1 3AA>3u-oJ1 AjlcI^Jj ^1j <Ail_)j AiL^J AjccoIA 

JO.1 j\9^J (JSl AjlS (jxuJ ^ L^iLdj (^di-i <uA\\ 3)1 VI 

^dll fGuawlowg j-Aj ^_r^Jl j\k ^ 

^Ic. ASjlcOJ Alcu 3^0iLa 10 ^yjjs tt\\\N dXJ ^j\ 11 

iu\\<>) 3 ajI j)io>. 11 3)1^ (Jju cu ^-kj .2006 

Aj 3jU Lo_j Aao-aoJI (J^la dla \ ^ aIAc cdl^C 

. aJL^ccVjJI lkij_al ^ mohawk (r) djlAjil Jjko jjul AuaO 

MODEST BEGINNINGS (*) 

,((<Li£.UaJl j l J \ "\ Mill)) JU^JI cilia 

.3jl 9) ‘ CuLu :jl (Y) 

c Jj^jhj ^aIj—II L5 kl -d l%>a! ^ djUjll J-dlda jljil Aj (r) 

.^jjjI^JI j^^jlc-l < ^)-*-ll A \ i h ' Lj 3*S i It \ 1 L)-ll ' A < s~^ \ \ a 


I j ( kijl. LijJLka 3)^ AdS •C5Ld^' i**<l t ^sli \ \ 11 ^^kll 
1 a h \ aJ <Aa jjJlII Acu jllil dilj(j-col-lidJI 3h° 3>° 

^_a Axcoj ujJLj-oJI 3)-a 3)1$ <1_il 5o.jdl Ij- 3 ^ killo.1 1 ^,\c 

• dilj(J-ColjLidJI aLlcoA Jo-cu 

_3jQ$! <Alo.iUI Alikll Jjlxll (^J-a ^_kj fdllj £-oj 

j(j_collidJI c_jjI _a I 3 >° ikia ljj_c < 3 x 3 j^l ^1 _ak 

cA **- _Xa di—cuk. d^ di-ik! Lo_a T/> .call 

AjJL a dll Iksj_a I AiluJl ^Ij-ll ^_a LujAj <1 coAj 

84 ^J1 66 dla ^l <c ^jjLdiLkJl j-coxJI j^-I jl Lu_u1j 

Jjuu_u ^_k ^SdJ <dilj(J-collidJI 6dA 3>°J -dly 2 ck° k_cu 3x>ka 

jll jj^LudJI) Goxgosauxus* < Jill I 

Aj _caj <Li^Jl jj_collij) MbexVosauxu^ j 

Tarbosawxm 3 dj\dj (kdlkll 12 jA) < xUlda ^J 1 

^jxij-dll j(j-col\idll LaLaJ A^_jLdca — ^J^3)-kl J(J-<-^LljdJI) 

^jlJI Ai^iLaxll AcerjlAil dill I J) J^.11 6 jj A <Jku ^dll <^yL$-ij .T> 
3)1 £-A3 • diljj-collidll jc-ijLi 3^a jJLO-^fl <^3x9^1 J^k. dilulx. 
■U \L 11 \ 1 jJLcaill j3>kll VI ji.dAj jd l^_il VI <Aa^-a jJLalo.^fl dllj 
. ACj) a ^ 11 6dA (Jj-co| ^^j-k ^j) a AII 
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J <0^1) :I> J^ £\^J 

^ jGlJI dilj Ic 4 cuifcjll 4_lla^fl .4_hjia 6 jGQA La^-lllo Ij 

.G/ccdl ^Gj-cu J L^u-7j ^IIGjGjLJ 4jdalG_c ^GG 

<jaJL*JI ^G ^llil Cj_cull) <dlJj lIGjGjLjlI 4_*JalG^j 

djtaifjJI jC Jaucuj ^^G £jjk aAII Jj^-cuJI ^G CjGcuG ^^GjI £-aj 
jalftr^Jl ^G 4->j* J_^.1 CljlS ^GjI VI <4_vlij-c^fl 6J_Vlll 

CjLc) _cu oilj Jill jUaGJl c^j^j f* Llj I jGLa.jllc ^ \ vC ^_lc 

l_Gjj ^LaGL j>\1j Cy* < '-^J (S ^ ‘J^-l I jGo <c_G_c<aGj 


Jill <j-° 43—‘-‘jl j J 

CjI j_Lc_> c^jnyL. 


111 jj-cAaLujJI ^JLojLij 

l n\ \S J H V if Lo3^l jl^ | Cj) lc 


4_)lGWI ^.Uajdl ^LUJl^ <4-cuj-tjjJI ol jJ-j-oIG_> jJI jGc JaG.3 

i Mao ^_1c OLflu-u 51 j 3 cull £c_cilll 6j_A JIcjj . jaJatlJI 

djljj-c<alGjjJI jlJ Cl Jlo3 ijl^L^- !^ljJ^fl 6 J-A (j\-J dlj3 culc 

L5 ^cJI Jjjjlll LljjGj 4jcculllj 4 1 v U11 vl\^G\ J jN t.n\\N 

.<^_y^aj X> ^.^.aAII ( ^JjJl 4Gc 1—caJ ^lll 

^jC 4_l_^l_o &jj_c^a jVuij ^ Ic ^jlGl ajjl \*sif I ( jl k J_& ulcl. in J-flJ 


d Vn J_aj £jJj-c 4_lllG3j ^j! \ is** 

Ldjl dll^ 1$ \\Ij <J_^Jl l^Gllj 

. dJ l^lLcul I J>C jAG^-LD 4_cu jG_a 

£-LO^. <j_O ^Jj _Cjl j_a £._CLTL J_G-S 

J$l_i^JI c_^Vl 4_Gklll dl_1 j *\ _^Gl 

^j-iJAsJI _ 2 L. olj(J-cialjLijJ 4_LoJat»JI 

4_ul^^J dJ I^J—J CJ^)-ola civ V (£j\. i i.G*a LI I 

Jl 130 ^ J-^ O_4_ lsIjuLo 

4jui _cu olGjlGJ»l dllj 4u_cu v jJ x I A 120 

^j-lc 41 slsL^-o (y\ _LJIj jLojJI Ja_^Jl 

^G ^GJI 6J-sJjlJI iji\A _OJ .4_Ll 2J (JjLt^alGjLi LaLIGu 

^■tui < >1 LilaJI II J^XJJ Lui) l^vlc Jj 3a II 

< i 11i ill | cj! jju^alGujJI ^ ^Ic^j < Cretaceous Pompeii 

.x> ^IvcG _<2004 ^1"^ .^Lg6jjul1I 

^ljjGJI (jL-caj^l ^-)Xrj cj!— jjlGGJI ^—Lc ^ ^—oj 

CA^J' Oi±A Jb'i u—C- [CA^e ^ 

Llj^>Gj 4\3\\otv^ kSG^ljcGu^ljJI j-Aj 
dul^j < golden retriever -bUiUI jjAA I ^ 

<jj}Ji cuj ^-alaC v &j ^jxGIjGJI JalGjJV ^llJujla < ' ^ 

<^lG]| ^^-11 Lol 4*\j^ II 4c^j_cuJ ^LLSj^jLc ^iGJu^Ja ^jIGLcuj 

^ Si ll\ ^ ^jI< 2012 ji.Lc <dljUi cu^> 4_Lc<aj (^4-11 

J! 8 ^ <Jjl^ jJjuj \ut^ y anms — L> <\±y 

^^jlv 4jI J-ajLaJ,l _oj < Llj^Gj J-^Gs 4uj(jjj ^jl_ jGI 9 

j^jl3l)I jaG Jj3j . 1^xo IJ v« v ^jxcd ^ I 4 jljI JjlII 4_LculLcuJI 4_o_2 ^_1c 

I olGujidl ^G G^Gul_cuJI I lc 

jjGj 4uG^JI ^_a LcGljI Lculc Gi Loujj 


i 6^- uil> 6J-A jl^Gl 0 I 1 I cl) 


,:i ! 

jjjj jj Jl IQ j^uaLujJI 

Lai (jifl Gx£. jl ji 

^UaS <LLGuj jl VI 44^ 
4iLb J 4 cIj_j ^ j A 

(> 


,^i!l 

^IgIjv Vs I j_G jiJ 4_cj-oLaJsl 

<^l jlaGjVI 4jl-cuI j(j 4_oIV_cGJI 4GjIG 


jGc LcJjlC G/G-^cLJI j_laG J^va v ^jlG 
CjI Jj LGiJj <^j-<-ij—G u jj-^alGuJ Jjl ^_lc 

j I 4 jGIjJI 4_a.j jJI ^_^-1 

CjI_cu^jG-c JJa ( jjjJlJU dulGj 4 jJIjl)I 

4u)jG CjIGMc L^_j L^JaujU 4 G^LoC ^jl^.1 
allosaurs Cil jj- up jJVI J— lc <S,.\ \y\ 
4GLcG) .ceratosaurs Cil jJj-o^j|j-u-oJIj 
“ 11 Jl ’'jj J?- (jU < JJj 

< 1 i 1 < <«1 1 olj(J-u<alGj jJI dcculc jG^ L*_S^jLc Gslj I 


^.jlll ^ ^yjj. 


j ^ aIAc 6jlG 4 \ 6ji!l 4 jlS dul^ (^lll CIlSjJI 

dlJllj <6 JcLGc ^3^1 4-c_cuG-c j_ic Pangea LiSGl j ^-cu.G 

4-cujLJI j_lC ^J(JjL 1I jVv v^k olGlj y^ll dv V*S-gG 

4-gCCuGll LGl^>A^JI cllu CuGj J . Lu CuG 4J J^jLUJ 


Jjlc j/cc^aJlj Llcuji^ 1^,)^^ 4_cuj_cuJI olj(j-u<alGjjJI Jj_c<aj 
CjIjVjJI ^^G I ^1^1 Jj'^y dill JJt_s Cjj^IG ^G <j/^J| dLlj 

^jLi Lolc) LcGuil LJI Jl _cu I Lc_Sjj 6 J Vi 1 4_^J-dlj 6J_VUI 

4_cujjG 1I 4jJ)^jLcu^fl olj(j-c<alGjjJI ^_2jULc<ajLlI ^LcjGVI 


jlG 4-i 
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JjLC 


llau «L«LjjiJI qIjI Mill <Li_uIjJj <_t 


WARM AND FUZZY (*) 
.GjMcuI :jl (\) 
Liaoning (r) 

Gklll j-® : Paleoanthropology (r) 

. < m \ 11 11 *< ^ 11 G-t-^ I 

GlilJV a-^-VI ti»njlo t_3^L^JI ^J^jl j-« : (lst l ^G^ j jluuil jl) ^^caGI GIaIII (i) 

■_' 14II < Lu2kL<-^ I^ *aL> (jGI t-jljulVI ^l <_ilLll j^jjlLGI^ s-LU ^3 \ \ *^ > L« 

^Gl j3 i^iVI jj_HI ^1 «b_cuj ^^j-cjJI a_ ljjj • < '-G| 4UUGL 

(jjjaiiJI^ a c\ »n^t. \ 


G£JU dalGoA II £± X\ y L^jAl Lo Ijlj . ^(jIilGj ^_cGa^_c JIj _i V 

4uIjl 1J ilj^Ja iGGj ^jJG_cul J-C^l d)l <jLGcVI 

cJIGlA ciGl£ jG_s : l^Gjlj-cGs SjjG 4 _cuj-GjJI cjIjj-c^IG_jjJI 

< 1 I 1i I i 1 1 olj(j-c<alG_ijJI cG^Lcu I £jVj J x^i Cv 4_L^la 4 jG-cj S^)Ju2 

(ii—^ (jjJ-o 100 JSVI ^^.L) <o^j ji>^LjJb 

Jj) ts^y 1 v.\ II J>\_i 4 1 , a^>LGJI 6jGdJI _o J v3*S v Jj_Jal SjGLs 

. ^4 \ t < 1 djj) 66) j it. v IIj sj v> 

^Jl (Jj>c<ajJI ^G 4^ via v dul^ 4_cuj_dll diIjj-c<aIG j jJI d)l ^-9J 

dlt Jill L^jjlaj J^Gjlj if dilj d)l ^ I < 1*1*3 iiiLcC ^L^l 
dva <Jv^k jG 4c jcjlII 6l& d)l (^_JI Sj-iljJLC 5-1GI Jji cuG Gl GjIGJI 
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: QxarvzVvousauxus 

I jJSs ^ujI 

^ \< ^ \ \ \ I. ^.Jj I fl I ) 

PmoccVuo vex hj&aj 

4ial JStuj j'ii 1 1 fl 

U JJ ~^ A ' «LlkJJI) JjjlaJI 
4la j < Ja^b <Jj* 

/ j ij| d <3 * t < fit I ^ \ i t d A l< 

.(Pin 


j : Uarvuqsauwxs 

JJL^jJI jAljjjJI j^u£>LujJI 
iJLauJiJI ^ - ^vT l ^ J- 'w ii.l 
£^111 IOA Laaj^ 

CaljjxoUujJI £| 
j ^U A<a 2 t I I a. r.l ) 2 ttUS I I 
£-a LilaG j_duuaJI 

.4^1 jidl jjl^XI Sjd> 


.^jjSds j O M Qv0' / " s ^* v ^ ^ ) < ^- u Cjlj^oLujJI JLLa 

:T\jTaxvrvosauYus vex <^u£dj .T> _> ijL^idi ^^aij 

Cuila ^^aJI <lujja4XI CiGI j' ^ 11 j_iSl j^l dlU 

<U jSj ^ o^jVI ^ 

^111 CiljJ^laajJI £l ^al (j-aJU V) 

.dJAXJ <La|jj 2 I. 1 ^ ' dU < j~\ 


djjj\ jJl$X\ CjLjI^Jl^JI <Lai ^J| 


a^ujJJI oIjJj-oLujU <L>j^xaJl 4_iil jJl^JI 

Lata jdSl 5jj-ulxa CuG «U.^aaa-XI ajJ5 jl ^1 *L_ujjjjJI Olj^usllajJI C>lal Vu <u> j| js.^ jal^ii.1 JjLa-calll j-lluj 


Laa ijJ Lluj jjj (ju-aJIj a.\VUI <GLLaXIj a.\VUI OlaVjJI ajajaa. oliLidSl ^a lialjd <LL>Luj dfldau jt£ 

(jSd CiSj ^ Oj^bu t£-<_ul J (jliau ^-Lfc £j^aj jl ajjls <L_ujdjJI Olj^aslaajJI CuG J&3 . Ldl^luul 

. J^-uj1 ^1 3-j jls <lla£ ijA L(jJ4Vi Jjl=». ^jJI I dudu L^uax i La Lad Cii^4M ^ Ol jlUl <Ui 




Dryptosaurus 0 j 


I Appalachiosaurus jMjjj^sj^ybl 
Bistahieversor jJ^j 4 < H' <m.< 
Gorgosaurus 

' ^-■~. Albertosaurus 


Qianzhousaurus 
(_^Li// ^^a/jijui/ 

3 Alioramus altai 

(j-u^ _^aj^ JM2*31Jj-dl 

I Alioramus remotus 


Teratophoneus jm f-u ^oj 
Daspletosaurus (.* r< ^ J 

■ Nanuqsaurus Q ± 


Tarbosaurus^ 

A Tyrannosaurus rex Q ^ ^ j-u 


^jadjLJaJI j^aaJI j^l/l | olj^sLuJI j^dl 


90 


80 


70 66 















































_olil t nisi _ 

(>| 2 14, ^all & x ^ II 

♦♦ ^ ♦♦ * 

Ciljj^LujJI jl ;r;<Vi an ulu jij .jjuijj-uJI jjj-oLujJI aiSLfc g<*n 5■j ^ pJa S>jjLSk$\ ^ <Li olaLlT^VI «LLuj1uj 

.<^uSaj .T> ^jJI J_laj ^111 3iMojdl ^-IJ LgJ3AiKi 1 fl \< 1 ^ ( J<J_uj ^s.^xxa Zs,^&.ya CulS «LujuJJI 


: KWesWus jxi^SjuAiS Q 






: DWorvq vSL^lu Q 





w 


<bjini <1 ku 1 j > 4 < iiiSl 

j»jUI £jjJI l '< A jMt 'J 

£l ^jl pja\ ja Ij-iK.‘>l <ja 
^Lujjj-aJI olj^aaLujJI 




fbdl JS^JI 


jis : Guav\$\orv$ 

j^usHuJI IOA j \ <\"\ \ 
JAIJjjiJI ^-.lloJI 
4_»Lula j_LAd l_ij£ 
JjLa 4 j|jil ^xo 4oaU 
aSj iJ^LajXI 
Cab^l uia sGiuLs J 

.(juaiimi uii.jij 


^ :Nu\^tarvrvus 

CibLxluxd ^J-U. j^txJI 

(JMajUI £^111 loA (j* 
CblSj gj\ 1 ^ II ^ 
jS$\ ofcjJb Slhii rt 

j1 cT 1 ! 

<L_ujjJill Calj^usb->jJI 
j£j jiJ 5j-doaJI 
51 hi t.l SjjLajJI 
.,jxiL> jJL> 


ij^jjjJiJI j^uaLujJI 

jima. j ijiuaa^l 

^gOXuaJI £jjJI loA 
* 4 ^"<11 (j^aLuJI Jj ijl= 
.£_»joJI 


jis .: Eoty taxvrvus 


I OA j-3 CaUil ^"<1 ^lc 

2-aL-aVI J^^b £^JI 
4JUa Wight ^ 
I jlK'iV ^jaaJI JakluuJI 


... 4-JLuilCjDj-i 



i 

^ujI j^aJI ju'i* II i qirmn ^^ujIjJjsJI Jj-aodl J^d jl 

^Ui^® 170 JpS La 160 150 


» : 1 J') 


Proceratosaurus 

Guanlong 


/ Tyrannosauroidea a^ujJi olj^-aLuj 

S~ - 


i 4_JLAi.il! I 


Sinotyrannus ja! ^-uja 


Juratyrant i-ul jjjI jj^. 


H Yutyrannus 
B Dilong ^ bu^Lj 


/■ 

\ 


cM Lo 
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<Cicu jj) i 1 n 




H Eotyrannus 


. K i ^ I'il j^'t * t, /«< / 

Xiongguanlong 


W 

# 




111j^j-ab-ijJI d it i ii 
Calj^-abjj) <LujjuJjJI 

(4_ijI jjdl 4.1.1 JliJI iU4 

dJ ' '< 11 Calj^ua^j|jALiJl j 
OljJJ-ab_ull 4j_ajiJI 

.iLujoai obi^aJI 



joljLihJI joaxJI 4aIo 


140 


130 


120 


110 


100 


PvocevaXosauvus (^) All in the Family (*) 

.^allll (jljp^k II ^.LsJI ^a.jla»Jl ^iall ^1x304 [(jOJlil jl <ajJijLa. jljaa 4a^llalj <L4 jAj Jjlj Jjljj-s." ^.LjlII 11 <j! i no :CaSt (X) 












































QxarvzYvousaums 3 j kd*.ljJI ^Uj 

(jwaJI *LuJI 2^1^ J^I ^ J^j c^jJI «J-i^iaJI uJLiVI ^d 


W d^JXI PJiXU 

^j^LaIj jj^ a^IIj Lu-ujjj ^j-o £JuJl^ CjLsI _ttn^l ^j-Uj 

J^i_ xJulJ &^JbjJyA Cx^k 4_CU^JL^JsI ddl^J) jJl I fJUJI ^j-A 

J tS*iX 11 3_>l J-» ^Jl _ lxiI jJ-^Jl J-X-OlxJI i <i A^Vl A Ujj J_1^. 

L^-i\Jj J' uLjl^-L^kS jxJ Lcujj _ llLlLJI 


JLA 3 -Cj) a A*\ 


n 


jlitl ^IiJI kjlaJI dd^j 


(jklj < <JLJj_cal IJ SjJjkl 5_ clijJlLII oijij) II tjJalil <JlLLa 

jaJaJ l^J dlxat <_>j J_^. < K \ & Sjlcl jjbj <dl!j J_ XJ jjJlj |j]a 

^1 <(_£j * *V<1 kll j is~i* 11 t 3 *^V\ a JVk <jjuuJI 

jl J£-1 dd-^-ksllj JA3 .dlkv <Ju-u 110 ^Jl 85 jjk Cf^ La 

<La-3 c0» i'u ^jl JJLJ J \\^. ^J| Cj I I jJLi-aJ 1J ol 

Jj J Cjl jJ) a^LljjJI cJjJ jXJ iL^La 6jl*] jJlII 

Oj <_JJU-U l-> l aAIL) kjJLJ jjJj . <jl! La_Ji 1 I djUJI ^ 

J*' bt-^Lkll jJlsL^.^1 SjJjJ l^kj jjjljJI dl_ Ij 

O 1 ^ * (jklj • C^J *.*Til kll j is*i* 11 > *^V\ a ^Jl J^jlj 

*jL>^' 6^ o^'j—J! 

• 4lxjJ 94 JjlS j_^jJI ^C-Lu-iJ X n ^ ujJjJjj 

<dJljLA ^Jl 5 cuj-Jdl dLiljj)A^-aljujJl Q1 xs*i j JAS <dJJj ^_oj 

.<-JL^ 1 uAit-11 5J_ culLcuJ 1 <Lcl2 ^1 Q 1 is^ J liL^ Cjj _AJ(jlJ 

^_S ^jJU-LI \KII j-i-OL*JI <J_<_U ^jJJlLo _^JI 

CjLjIJ) 1^5 lS 6jLi_<_u Cj jLcu < Lu_ulj 5 jJLo_cjjlII | 


•J^ u 


L Ui J 1 


RISE OF THE KINGS (*) 
» ^ jl Jllil :plodding (>) 


U^>) 


. \j \~itnifl jl t*<l~i <^<l ji\aT :top dogs (Y) 
.j j f>^^jJI jjJI :niche (V) 


^.Ua£. (Jt\ C^jJI juuJ .CxLx. <JI LJJ ^jJJlLc 

^dJI 1 < c L<_uj-djJ I JlILj <^U. I A 1 t4 J) 

^2 <—'* Amllj CjIJj 6jJfe (jl jJU-Vjl> 

5_iJj-c 6 J-1 J-2aJI £ya <£.j Ay A C5J JI duLilaJI j II 

CLil jj) A^-alju jJI Q^* } <j \J < 4 3 h \ ^ < \ \ n Ijl jjl dJJj-i 

LL^I 


La^_o II JJLJ j i_sl_ cVmCI ^| Lo^ 

^jJU^A LoJlS J isLOfl ^Lk ^j| i—u 


VI < ( J-ijVI ^k <LoJ±JU& < \ L_L^.ljj CjI 

6^ o^i ^JfkVI oljlcJI Ijd^-J ^jI 

<(-_Luj|jjdl VjJ ^x£.Ij jJL^j iun^ CxK l^_cl^j| jxL-aja.l 

I Jj&J . lkL_U SSI* ^ (jk Lo-0 f-kjj jxk JkujLi d-ui^J 

J .1 4/s.lJj-ll UJJ La-0 jj-kJI <J UJJ Cuk l^bl 

j) dl— lL cjlb^jj CAkxl^JI 


^-1 ■ < ■ 'V1 0 ‘ ^ 1 ^J) 11 I kb jlU (^Jk Jj ^-c-Uj-cLJI Cj I Jj) a^> 1\ oil 

d^l^ <jLals JZiLjj dLxau-u ^_ulUj \_\£.y s SllsJe-o ^I^jVI 6J-A 

<^-JLJ_ UJ k_ cujI ^jLL^J La^Ij ^^-11 j^JlLJI 4^.W I _UJJ ^^lll 

CjI jJ-t-^l-bijJI (j\ S < jj JaJI j* _doll ujj Jaj) \^ \ 

dit <Axkj dluk Lojjj <6^jlla CjLjIjjl^. Jj^GJL *A <j_uj_ujJI 

^_<-a^. ^k ^jxUjJI dj^-j (jj .JaAS j^I^aII jl <ladlll ^Jb ^jxiLjJI 

CjI jJ-t-^l-bjJI (j-G 6dJd£. ^j^.1 ^l^jlj 3_ ujjJlLII (djIjJ-t-^LbjJI 

T> ^^ .u^Jl jijj-oljjjJI dk> (Jl_ ajLs*>I ^J-° d->jj 

^klll jja^albjJI t_L_ -1^2^ I j 1^ . _i^yl L Li ui^ 1 \ I 

< 1 \ Vn ^j| V| dLk Loi < La ikjkj ^jVI bljCjl k Q^J a nil 

(j-o iiLUj kl^yj ^ j ^ ^ A j^LUlS 
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jxlc JAC jAlJJA ^_a <1 Util I^xj _lxJ <1_UJu-oJI 

cj _jtk ^_^_a <jj^H til_b I jl-%. ^<2013 

LkjL-£i laibl^.1 t ab^ _ ujLlLJI j x^a 11 ^j_o (jxij_<_L 

^)tk 43 I ^)Ll3l 11 LjL <jtkj . <^yk-ij T> ^JX1 ^)_JlA 1 "X 4 <111 cilLo 

43jJ|J < Lu^paj jl_Jual 9 8 jjki < k^.^. 4_ 1a ja x.^1 

^j_o * *k 11 a^ ^^Li-ouo oj-oil (jkoj V 431 ax> . 2>kJI 

4ju_o 3JL I JjLuj jl Vkxi LIjjl^. (jjki u 1 ^ 1 (^J-Jt^Llxll J ^ a 11 
^jl <dllj 2h° <—j^C-^fl^ • <C(^ju»— kx^ T> * *<111 ^j) x^ibjdJl ^J1 

‘ kll^XJ J^ UjU < <JjLLulo <(jlja3b 43jk& dlulk 4 A ^ A ^ 

. 4jla j-o£ ^LljV ' 4_Luj 13L1I ^UluSJLlI j 4 < A <j * 11 4 a-v a^ 11 ( Ty£ 

s j>^^ ^—“=j ‘tdd—^-1| <4> j— i 

a! Cj _l_UJ J Jj3 C.2 lS ^33*2 fSj_Sj-2sJl <JLJLJU-oJI 

4_b^UJl ^X^Itl^JI CjI J3 2h° ^-^J-JjAI diA jj) X^L-l J-ll ^jA ^jJ^JlAA 
.4_bjk SjjLLI ,1_olaAl J_^AC Jjlo l^_al_Jojkl ^3 ^3-11 

2h° JlibL ( j—o ^b^jA -Al l Jj' —k * 31 1 ^xj>j 

LJ^ilJLC ^_<-Alil (j^-ll CjLlULju-u ^_S 4jA£ jJl£. ^kc. JkxA 
0^5 ^'£j—* 11 Id* —d daj —cujj jjji Jis ^y, 

1- ljjjjJj lj(J) *^b-> J J^lk (2 A^jJAo ^ 

^IkLcul 6 JjLJI ^_JJ-^J1 <(j^-lj . <JjlblLo 4 <r\^s. 

l ^ la ^>. 4 \xaJl dlb <_‘-‘jljJ jjlsL^.^ 1 <^Lalc 

l^_j| j I 1 J_sJ.^. Lc.j3 Jjuu Cj _^ 1 jl Lc LojlS jVI ^."1 ^ Jj_ 

Cilj(j_i^ljL)jJI ^ 1^31 Jl^.^ ^2_S (J .3^^ 

^>JI ( _ s —II dl jjl 

< _JaaJ Ij J_^. I jJ I <jj-^ I JjI jl ^ I < 4 a a A ^ J_ xj^j 

^j-lc LJij-JlLI 6 jIaIj I dljji—«iuLO 3d>^ c ^-bij^l 

^c-JjLlil ^^Jj-c^fl c_L^JLtl ^j-k ,M> ^JL^.jjlaI 

_o 4-0^1 <_uj *21 a Vs 1 <1 a£. <^a jglaJl 

(^-IJ <Jjjj3> ^\\^.Ua^1 < lj ju-uIjJ tJ-i 
^j-L-2*. Ij ^g-gJaJt 11 —A^JI (^3ljlj <^-Sl^JlU jl J—cVI 

< V < V'v ^ \*\ 4 \r 1 \ 1 r. | <2009 jxlc ^lc (J-oaJl 

Ub.-S.^ 11 dllj ^>4-b> fcL-o cul 


4,1 n^3 J Ij 4 o ~s. jX^.La^j 4 _<_u^jl^-o 4i^La£. 

(jjUL-xj 6^jAaJl ^ lc. \ 6^) j2_s J \ dul^j < (1 \Jo*2Ls j 

<Cj_cuJ j)A n cHul^ l^_j| lo£ . a <) I^jAI j* jxlla£. ^2* _<_uj 

^ olol^>b^ 4- a -x^j jl^1 6j^ 

1 4ju_uLs 6Lltx J_sl^2 .4 AaIj-LI CjIjuh J^xlJ-ll 

j-oa_i j Jj^ LT^” ‘^ 3LJ ^jJLaL^.^1 fUk ^jl 

. 4 Q \ \ 4 \ i n 30 ^jAc jjJj 

4 <All 4 _i_uj-<AJ 1 Cjljj-<-^bujJI 4 _lS Cxil^ (^jJI CxSjJI 
^A Jj-U Lo 1^31 ^fl < L_(_ujj 4 jALc _ulll Ikij-ol 6 j-AJj-c 

oljiui jl L-^jjjl ^ -ka J— 


43V Ijk3 2>klj <cKijj—^-okaAl J< 11 ^ 

<^4-allAa 1 4ok.1 jJl 4,util {ja aA 3 1 Lo^ ^ Xa Jj^ J^a-j 

6Jj ji CjJ-i ^jAI 4 I 4 \ *Aj_a JjljlL-uj jxJ La 3i_a 

. is~i ^ Cj_ <-ojAj J_Ojikc J-JlC ^_oj ^Ijlj ^J^.VL) 


PERSISTENT VARIETY (*) 
^1 Pin ^ <Tu7ifl :Pinocchio (^) 

• : J^ ( Y ) 

.^j5 jl :bone-crunching (r) 
AWovarrvus verr\o\us (1) 
TaYbosauvus (o) 

(I) AWovamus a\\a\ (\) 


oblj) \^. 11 _o I Cj kj a ^ dll_Lfc j_AJpI Cj _O_idx 

4 \ xAj^/1 6 jkll ^1-JLC 4 K \ ^ SjlcA (Jjii kaj .4_(-Ujlall 6 j-ukll 

^lj(j ejju-oll ^jjLtLLkJI j_c^aAI ^^.1^1 oljLkll —Ajjj 

£j£. 4_)laAJ 4_akk-a CxajJI dilj _a ^JLaAl 4 jlu diul^ cjjl^. id J_Ij 

jX^JiAl 3j \a iS*i 4_(_uj_lIi di)l jJ) A^-abuJ l^_L.a Qj^Uj ^jJI 4_IjuJI 

(jJsju ^j£. L^ i^a ^ oljkll di)J^-bj cil_Ij JdLjj . j_cVI ^jL ^_a 

1 ^ la <Vn ^jJI dill! 4_^_)l_ula ^Al CjAj-^j ^1 ^Al 

jp> j.'xi Jj3 jUoJI ^Ljlo CiLijlujua ^lajjl (jLa <dilj ^k Jj 

jj£. ^J| Ljjjl 6 jta CvA^laj ^jjjkdu 4 jALcuAJI lk»j-c| ijLa 

(_^kl '_ ^ji^-l 1 ^jl ^ —la_cj . 6 ^ \a <,^->11 J^JI ^ja JjA^ 

k 4 n a r> <q*^ ^ ^j) x^abu jJl 4 \ k ^jTi \a i 

^xJ ^Lallll ^J^x| ^_a 4 jlojl^AI ^jLa <^3 (J-zj •J JL ^ (Jktlu 

4j I J-Aj 4 <M J^xlj u-U- ujA (^J^. I jbljLO jjp" (^k 3jjl 2 

.^JLJakll ^g-alja ^11 jXJU_uAill UUlll L$kl Jj_t^2ijJl 1 ^ \ \ A \ V 

(*) ^ ^ * ♦♦ 

4_cuj-JjAI CjI jJl l^JLa Cj _aAj ^_pAI ^JaLlH _aj 

^jl ^J-oiJ (j ko_i < 43 SJjA <Qlt k Nj T> JjLC 4 a^LaaAl 

a j^-1 Aslaj I ^ lc. 4_sjill CjbAlkll dlb I ^_a^pLi 

obi-JcukVl CjJ^.1 I Jjlj <4—ljjI^jJu 1 Cjlj(j—u^bjjJl 

Cjli Cj^AsI fcillA c_a^Lix ^Jl jji ulu 4_>j*21 

C-Aj^j-X^ab V.\U cjLi cuVI jX^_Lo J \C I £j3j 4 AjlAJ_c 3J->J-%. 

^Ilrx <4 ju 1 JjeAl 4 I 4 < 1 I 4 <<II iZi bj)3x<i^ ^klj ^3jI ^a 4_<_uj_JaJI 

J 4^a 11 SjJu^VI dillj3_call 4blall 3 /-^iLLI tilb 

6 jb^alj <^_yj_k-ij T> j(j_<-<^ljLijJI (jlk LcJa£ _lLLAsAI 

bl 9 J <kalil ^k kijkxcud 

1 a ^ 1^11 J-A dbj ^k JLAc jc_4^sj1j 

^ ^jJI <Pinocchio-nosed ( ' ) J—j^IslII jA 

kj\cj .4 jl1ju-oJ 1 ^I_LAI 4_Jjj|j ^_a^_o ^_a 4,xk j^ILaAl 

4jLOjjlkVA ^LAI ^>jk a ^ ^j-^] <,j-l J> ^Ajloj Jk 
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LljjJ (jxuJ ^dJI cd-2j-ll <4 jl>) Jj LaJj J I j IS~\X II 

S^ladl ^L^jI ^ \a^» ^_2 oLL^Jccail (jAa i VI 4 _a£. 
<ju j)\^>.II cdl^LaJI ^-2 <_cuj_Jill pijj) a^>La_> jJI oxViLc. J_a j 
j_i-OL*JI t 2 lS\"\'\A ^Jl ^-CuIj^aJI J lS*iX II l 2 iS^W A (j\A La LcOlJ I 

^_3 L^jLL^ju-u-o ^.La a ^.L. 4 jLj Lok S^jji_lLLlLJI 

^_2 4jk ^jlC. jilla tA^IJ jaJa£. oLjaji_cuL 


4 jJ 


"J 


till 


Cjlj(j-<-^ljLijJI (j-° ^j Cdlcja^. a I I x \ 1 \ \\ Ij . Ldljlcul 

jaJLsJI *LaJj| i 2fc~va ^_2 £_culj ^LLd 6j__iIl_LLO Cjul^ 

J II l 2 iS'i'W a ^Jl ^_culj^aJI j ls~\X II i 2 i.s\"\'\ a (j\a La 6jlidl 
4 _oj j .4 _cuj_c<jJI CjI jj)A^Lud-ll cHul^ LuJ dUd^j ^jJu^LkJI 

La < Via.^j) \^>. 111^-jLijiLi j)\x'\~\ L-olj 14 J^s.^ iS^y 1 ^ 1 1 

4_tx»^_tjjJI ol^j) x^Ll> jJI ^kl_<_<jL^i ^Jo3t \ ^dJI ^XjL^J l 
l LlSJ cdul^ ^il^£.| J < < a ^J .T> JjLa ^£^Jkkl| 

^kiJI ^uj^ljjJlj c> ^ 6^ 

^ jJLol I J_Jjkl I 

4 I A\\ A JJLC 4_CUJ_C<jl!I CjIjJ^LuJI 4-cOl 2 ^j| (j_a ^kjJI ^ lcJ 

JJ^ ^^k I—^ ‘(jVI 

Jjls <_lx^jJjJI oljj-i-^ljL>jJI oLtiu Lajixi .<j jyrJI V ^1 
^jU ^1 „L-\. I JjJJjLu j2k_! <Cti~V 5-Ji_<-<J (J^^JlLo 170 (J-O 

^ -V ^ 11 6jjJu-^ 3 ‘ (SjL XU2> jl) «L-Uj-LLo oLlIL\5L^ 

ojk xAI jas L^jJI L^jdd j . L$_L£u djljl-s ^ _1^. 

jU^IjLj (JlaJI ^_a ^Jt 1 ia.llj <j_UJ (JJJlLo 80 (JVnll _II 

<^j|_ uA\ 4 1 C11 1 ^ *\UsT | 4 \\ \ \ ,- \ |^_lS_s O^d^J 4 \ 1 . 1 1\ a 4 Id"v I 

Cul^ Lcd^C <^LVI d^.1 j .<jlojl^_o 4_«_<jjjlLg CjIjIJ>v^>- jc_ju-ojJ 

^j-o Lo ■_ ^ a o < 6jjd 4 uj^-JuJI Cd l^j) 011 

L^j jj-y^ l-^dAij jjJ j . 1 A^l^ljl ^dlj ( j^»jVI *lo—uJI 

<^jjjjLJI j j xA~s.^1 1 djl—iL*_lI jII ^ Vj 

■ . 4_odJI 1^-jjju-ijLAJ CdLuJuJl Cj ld-»j 4 \ \ w 11 ^\JA\ II CdjL^Ls 

BEYOND THEIR CONTROL (*) 
Hamc\sauvus (^) 

1^4 1 4 4 4 \ 1 ^ 4 L*S )^_Q :jl fhabitats (r) 

IfjJ Ci cuJj j>^-ll <J jja-z (jtijan ^1 ol il \j ±*Jl :island-dwelling animals (r) 

0 3^JI dill jjlj^ VI 

•c>^ (0 

(jj^dlil) stalkers (o) 


- djljl<-uVJ ^-^1J-3 - 

Tyrannosaur Paleobiology: New Research on Ancient Exemplar Organisms. Stephen L. 
Brusatte et al. in Science , Vol. 329, pages 1481-1485; September 17,2010. 

A Diminutive New Tyrannosaur from the Top of the World. Anthony R. Fiorillo and Ronald S. 
Tykoski in PLOS ONE, Vol. 9, No. 3, Article No. e91287; March 12,2014. 

A New Clade of Asian Late Cretaceous Long-Snouted Tyrannosaurids. Junchang Lu et al. in 

Nature Communications, Vol. 5, Article No. 37898; May 7,2014. 


<d^A*J (J«\jl^.L dI ia_L3LJ IjLaJ CjI_1^2LajlII 6d-A J__Jlo ^j) 

dcL<_aj id-Jd-^. ol^LaJu-u-a ^_lsL^.VI Lie (, ^n w ^> i jlkuL 

(J-olc ia^. X < I Ij t IjjJL^. Lai .^J^jlil dild 

. Cdlj)\ ui ^-LdsJ _i_u ^_oVI .no < bj Ll^>J 1 

Jj^LaJI ^Ja^bJI ed_dnCU ja\_^ 

<^a^-a\ j3-A\ ^ ^-s.1 j-U jjJu-oJI ^ _<_<jLaJI 4 jlL>j <4_cadJ 

ds_U LlAj . Ij-a£.j 1 dj^ _II d^*-> 4 jI A^ljJl (j-s 

J<: dn 4 ^Jjt^laJl ^laV 1 Q 1 d 4 -oji^-cuJ 1 Cd 1^)J) l *4 4d 11 C-ul^ IdJu-sadJI 
f^jJLduLiiaJI J 11 4_>l^ Lu_u1 Cv aViLc 6^jLojlo IcI^jI 

4LnLnll 4_uljJI 4-^.jdJI (J^JjIaII (jlj) 4^k II jjd Cdd I LoJjJ 

. ^.iCj-ll lA-^ljJI 4jLj)dxJI 

dJL^jJI ^uj_ujJI jjJu-^JI jJ>t-£aljLidJI 

.(JjLdjJI (j^jW CjI^Ijjl^. a..a< ildIL> (^dJI 

< c L-S.1 J-U Ua^iJ LiJ-ULU ^J-a A7) ^JjLdd 

LaJfcV^J (< i^> _cuj^JLi .R>j ,A> ^L^^l 

(^jjj I_<-Ajiu ^uVId ^jlsJlj 4ju-ilall Perot Ldjj— ^ < L^ALa ^ja 

CjI jJ-A-^sljLid ^j-a (Jjjjjuj jj_t-£aljL»d Ij Cdd^A. I d-^. I (j£- l_Luj^JL 

4jJLa_ulll 6d-a^lll 4 jola311 Sjjldll <a!Ij>j <^ jjuJu LdaJI j is\X II 
IdJb dd^ d d ^ a ni ^dJI < _ a_uV I 

4^_>l_ula CidJ (^-11 ^UajJl (J-d^ JdC ^j-a jjj-AaljL»dJI 

A> A7l 11 J(J) Arf^l \ 4d 11 ^aLIslC ^jA L^jIj \1A \1 ^ \\±> d 

^ L a ^ > (j\£ \ ^ jjfcj iaJ—COJ d^lj 3jli J-a ( jSij 

Cul^ ^.Uajdl diL ^jl jJb <dildJ ^j-ol^JI jj— cajlSjJIj .4_alla£. 
jJ& J-aVI ^£-2 jJLiil (J^Jj <^J-(-Adl JJlXjU^ (JJUJJlL J(J_A^ljL»d I J^JLJ 

Sdlc V 4 iA^>Ladl 6dJ&j — 4^jLa_<_u Cul^ ^Uaxll J_A-!aLLa ^j| 

<jJjjjjlS> ^ja JL Ojia^A. d^J .(j\ _sJLdl dljiVI di£. VI 

dAiCI La^^vjlL ^.V^lj <6d3t n Aiia jd-U di 6j^-S 


Cdld Oul^ ^JLa_ulll *_Jajdl oljj-A^Lud ^jl I d^A <Ja l^_j| 

iuldidl djljil CjLlu ^J-ll 6 j \k i^> ^1 ujua.1 

4,41 Anllj.,ldidl ^j-a |A.^w^JI J^l^l 4 -^La ^JlL ^j| ^ j\a\ Vj 

4—\t.i^JI oIjI( j. -a dJdxJI Q» aA^ <4-«_adj 


Scientific American, May 2015 


jjj-^Ludll 4 jl^ dl_(-U ^dJI oijJI <ldiAj .4-aljLll ^ JJ^I 

jij) Arf^il \ pH ^jl^ <(__ jl-^JI ^_2 <q‘^ 4^ A> jV_ajdl a Til I 

. JLa-jdl (£j\j^ ^Jlll ^j-jdl 

( "'ol j^u^LujJI SjIsllcu 

olj(j-A-^aljL>dJI 4 1 \ is\ 2 (—v a<m £j a7i ^Jl A.\ ^d^ II CdLL-AaVI <jl 

ACj) a 11 6 d^d ^jjjlaldl jc_JjLdl ^c, \ xAjj ^_2 Qa^ aa<| d^ 4 _<_uj-JllI 

:4_>j^.l JlV 4 jla_dL-uI 4 Jj _col 4_aj A^Lal^Vd SjJUlLI 

t 2A^V^a Jjl 2 Oj-^da J-Aj S4 _cuj_ujJI ol j^j) A^aLod-ll Ol_coJ I 
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laic 40 ^JLdl 4Sj L-at l <j^4d|j 

.^LsjJI jLddVI (j^ \ (^k>J\ ^kj Laic 47 <L*JLdl 

Ja ^jldll J-iaJI jfrLxu ji *Gli <La^J lluda jLidV^I JSd ^ I j| j 

.<M-lJI^£>_1 I 1 Kl^.1 fjA jJI I 


<r\± 4dad f-y&iS) M 'Idd 



<dlld ^J1 4-S L 1^ .^^j^_caJI cjI^LlL^^U *_> I dl ^ L 

liiLk. <^_i-ijlL 4_illxJI ^Jl LjLlS _ LA 4_llLxJI dlj^l (gX±J 

^j-k Jj_<_ul £nrw Ljjjl j 6J-^JlII oLVjJI _3 JjI_ UJ J-A 11 

.' ^ La .i.i’JI la —tail 4 ujijLo^> oVLJI i_ilt1 


c> &J j djl < - U -° ^ 6jJlj A ^ i J y\^> l <J 

6jjLj ^jJ 4-11 <j-° d^Oil 6 Jjlj dL-u-O-o jj&j ^J^-ccJI £_a^ll dldUcl 


. 4_1^JLC ^Jl 6dJJ lJI 4_2jJt-C ^ld jjIJa jJLC £C_JLcOlJj 

< d IJJ (J A Id A Li ^Qkl <1 A-LQu^JI 4 jl1jIxJI M^juJuJI 4_i1lJ £j| 

(JS _ 11 V 1 a .< t cl 1 4 j3jjj_o 4_X^.Ij_oj <<jL jil 4jL3^j I Jld j 

.4jd.LcJ ^jxUjLaL! (j^jX*ul j I jjlUJJ jlixJI (JjLjuljJ Tyx .JA _col 

iaxj jc_jlcoj j <_i IVn di ^L _ coVI ^jJ^jLa!) 1 fl,\l^k ^jl!I <1 _ Ixlll j 


^_2 (j-U^Lll <1 a JjlSj coj LulL 1 A k 1 Q.ijLdi i A xldo 

** ^ >Z 

■ .£\jja q- I d> 4jLuaVI lie u.\jlS (J-O-c jJlxJI 


beta-amyloid hypothesis (>) 
the depersonalized medicine (Y) 


- djIjlcuMJ £C ^|jA - 

Phoenix: Vision of Shared Prevention Trials Lures Pharma to Table, Part 1. Gabrielle Strobel 
in Alzforum. Published online February 25,2010. www.alzforum.org/news/conference- 
coverage/phoenix-vision-shared-prevention-trials-lures-pharma-table 

Alzheimer’s Prevention Initiative: A Plan to Accelerate the Evaluation of Presymptomatic 
Treatments. Eric M. Reiman et al. in Journal of Alzheimer’s Disease , Vol. 26, Supplement No. 
3, pages 321-329; October 2011. 

Origin of the PSEN1 E280A Mutation Causing Early-Onset Alzheimer’s Disease. Matthew A. 
Lalli et al. in Alzheimer’s & Dementia, Vol. 10, No. 5, Supplement, 
pages S277-S283; October 2014. 


Scientific American, May 2015 


^jA oC jI^I— cJI 7)^1 ^JL^. —2cl 

iljUJI ^j|ulll juII 3-4 jlaj ja£. 

ujJu-aJI 7jGjj_J| | <_ol_<_u 

1J-A —JLi ^cl I jLs J ^ -S ^ \ ^ -Jl 

CjiUiLxJI jIj^I ^JA I_gj&jJl£.j J 6J_Jili !^\ 

Cj 1 j 111 ^>. V1 — 1 j Q-ljjJI 

<JLX^jJI CjI cclcujII ^ U 9 <6.\^clll CjLjVjJI ^Vl 

(j\a 1 4 'jU;l 4 1 a7a jjlj Jj 1 L^_cL ojLA 1 C L^. j2 I <xalxJ 1 

CjL^^Lc j\ n^.1 ^ II ^llL^d Jj3j .^LlJI j dilll 

uiiJ < LLuJ I ^11^5_dill I I Xa Leu Cj IjlU^ I_dll I 

(JXIJ jl J I oilj) II <jljIjlgj^ J clT^C LcOull O^k 

.^LJI cjL^jLII ^ ^1^ <lll^Jl 4ju> 1 \ C \*\ 11 ol \\AX II C^J) • d-sj) A 

l-Ajl_dill ^ ^Jl 4 jlL^jL1I <U1jJI <dlJj £A j 

Jll>lV <-jl_cjjjudj^JI jlH^cl J \ Vn I y _c 

yA <_>Lijll oL»jld^ jLl^l yc. ^_L-^^fl 

d^k I did ^ I dl I Jj is~\ ^ dcJ_c_i j jdll I Ijddl I y \J . ^ I j 11 

f.l^_^.l did 7^7^! \ 11 llxxu 1 m n*N c d-XJ I CCLU 1 j 0U 11 (j-\_LcLiJI 

LI Id I ^)VI (l^Ld-c d 3* \y A 1 \ cl 1 _<_aJI o 1^ Ld^^f I 

jJ^I^Jl^V A\ ^k C I jdcj — J_ ojLAjJ| ^ld ^-2 c^d ' j 

. Id-Sdd olJ) W <11 dJd^ 1 ^ X lAj jAUnt dij — c 

ld-Slj-11 O^LLxJI p^-id tjc^kl ^_ld IjdL iddll Tj^^l d_ij 

<_>L^I 4 c j — oiLLxJI 6d^J 4 Adi ^7^V1 4_iljJl I^aJI 

j_al_ l 11*\ aii — cJjjiJL oUxJIj ^.1_od^flj did_^.^flj ^LVI 
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bu» *1 jaJ! 

^jAjsu ^4n M CjM^jlS 'ts\_a_i_iA\ cA cc. o^A\ q\ dj£- <• 

A_»Ji>A K t <\ cTs c> j£l\ ^ V\ Jtj — ^ 1 ^ cAo^ JaA\ ^ cAo^i^jAN ^£- 

.'A-kJ-k Vj-^>^jsx. a , x Ac \ ^\ c^>\ X\\ A j\ A s >'*A^1 "*> toll! 

.R>- <£uJjj| .Th> — <cul .R> 


. Cj_CoJ ( Jjjl IjJjlLI I ^-jlLul 


olijIjiJUjli-ii 

olljljjJI oLijljuij is~> J_a ^-coljJl i <aikll pllj di II j 

. XolS Ij w.iVt <£>LVI oUjijjl-f!l J *\— CjUjijIIJIj 

Ji.1 J Ollj iKHj olijlj_ill Jli £\j. a a jl t JUil Jjui _co 

JixVi i Loa ‘A xKJI olijlJ jJlII <_lli ^ILo^f ^ai* V Olljljj-JI 

J^l-3 tdllj <_sLuS| . SjjLLll <lli 11 6J-A I _culjla Jj^. IjiJ 

olijljill 1 ij ^-3 JaJu-oJL pi_J j i K II J_a£. <jlLl\] (_j 

£^jl ^_lc ‘jA-u Lai d&jjJI | J_A J-ajjlj Ijli ^1 <JjVI ^Uil ^-3 

dJjAl V J^/t< t Luiil . olijljill LjSjIII oll^kJI Ja 

i (jju LlLU LLlJs <juai jifcj — JjljjJI U^Jl9^ *■_Lo1j c ^i 

t<-Lil J Q llj lli llj olijljill olloco Ja — spin 


1 ^ tAa i Sjjdi_etaJ I olljiil oilmn <_3l_uS| Jl ^_3 I J Ai i 

.Jill jAA-co LajlS ^JoJll ^ <lal ui 11 jAai 

t<_ll_co^fl 6j_& j£. 4 -jL^M J-a JjkLjjkJI ji a! i I_ oJjlCj 

L^LjIcolc ^ljI 6jlil (J-oXJ c ^i (^IjijlLcuIj lllo Jj^ij 

OlijljilL» ^iaJL^Jsl Sui \1jJI jLslIVI ^-1^ ^JLjJU .<Ju_uLcuVI 
<j| J Jjloj <6llj| Jju-Ol^jJIj 4Jjllll_<_o ^liJI <oljj,^li 


^JuIljj . l^-lljj)!oifl Jjl ^.a 6jlll ^j.u<to 1 ^Jj^fl 6 jJ^iAJI oLoju-o^. 


THE GLUE THAT BINDS US (*) 
Glue (_g j 'K \y I 1 (j 1(^1 ^jC. fijaia ^-»J-*- a ^_ 5 -*J (jii- 1 -^ L^JjAa oljJ) iKIl (^) 

ji ^IjiJI L&Lix-aj 

sea quarks (Y) 
antimatter (r) 


6jUI olljixi ji is*>\ ^j-A O IjjJI jl ^1 all) Jjj^VI jVicl 
<6jiJI (j-o ^LoisJI ji-OJ j^j-c o aJI jj^II ^ (J^J 
neutrons CiljJjlilj protons Olj^JJ jJ : ji oiljic 

olljjIlJI J o iljl jj-J I jl (j \ju dill oljj .electrons Oil^jliJIj 
^quarks OlSjl^SJL dbij^ jl a^»1 oLu^ j-c lJJIh Ujjo 

Oaou <« <(()) oIaj ujl^. <is[ col jj jAxauj 1 ^ ceaJt ^ <la ajj 11 

l^_5jJil Loi <oLu-cooaJI 6 J-Aj .^OQi^J-IS <^l^Lc ^^1 (^-1^ 

liA jilj <jccoLcoI oUj _uo. <j-^lj-ll dliSjJI 

. Jxuix> jJlC <1| (jul JAS < jj_o^cl 1I 
Oll jj jj-JI jLoCl jlall ^1 <juuj jt.111 JlljlsJI O-Aciiij 

jl f La Lai L^JlS Si_ a <j1j_<Lo _co I jl_coijj I ^j£. olljjlillj 

(j-O SjJJLJUi jl wiC |j olijlji <l^lj j-O JlC UI'N Ji jjil 1 

-coo L Jl <11^1 ,olljJi]l 

CjI^jIjUI (>a jr Ij^l ^ JlJI 

^ 1 ^ _-itI <aji<All cjIS>jU _ill _4 * ir, £jl 1 At,l 

SO^j 11 pi a \, ,.11 olljjlillj OllJJJjJI OccojJj .j\ j-qjlcoL 

cJijl^l OuObJi_col ALs < Jjill S olijljill (J_ 0 <_Ijill 

(j-o I J ^.J til (JJ-sJI t sJ^li- olcj_coil 


- (r) olijlI^ 

SjUsI (j-a Ujlij—do 


< Lst_a _col SjLuSlA olijl jij olijl ji ^j-lc ^J^.1 

.hadrons djll^jjll^ <olljjllllj o ll jl jjJ I <lLui| 

<-jAj.il -ti\ jx^_a £_o — <Ji J-ojljJ I I j_a ^j_o jjL^jJ I ^ _k.j 

— jAa i l^ xAa 1 d^^lj-^ dbl_jj-dillj olijljill JclAl 


jLuVi\L> 


60 ^JaJtl 1 —Li jl ipljlJI ^-3 olljjllllj pi JjljjJI <Jli ^_a 

jllj \Kllj olijljill ^jl jJ juj . Igllijo—co oLclj— cojaJ 1 


• IjjJ ^1 dlll^il ^ olljjllJlj olijljjdl ^j| <Luj£. ((LjIjJ)) 

a 1 1 lAl ( JU A OjL ^ \ Sol-CU-O ^J1 JjJ- uLjJlLII ^ l- JlCcJJ 

jlll ^_a <_Jlj SjLLI f-llu i_JljLl LLlsj Jjcc^sLal c_jLLJI cJ-ciil 

. J_uSil Lo^_a olljilillj olijljill 


^ co Leo I Ji CUJ OjluSCQ lllk ^jj—il ^ ill SjL-U Jl 

0 A*.u L j!jo quarks oL^jlj-S ^ cjl ok oo. ^ 

^Uj .gluons <J_CO I \ A d t A < H 4 ^ 1 A < n t 1 ( <JJJ^ l** 4 I A > niA. t 

tolljiK.ll j olijljill J—O j 2 c^_Ll La col j oljialcj JjjlljjjLLll 

. Jca. ^Jl ^LLa-1 Sjjl^us jlaJ I La_du Qw^i <lil 
olljjJillj olijljill ^-col c Li Alio ^-col^Jl jj£r J-A^ 
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oUjJill LiJ I LAjI 
. jaJJ Ilia. ^Lg| CjIjlAC. 

CjLijjlISJI ^J&j lJqS 

(**)gUijll 4 


l>»- 




<u!a1LI CjI_l^jI^jJI L^jlO Laj t4.ili.oI_t_ul!^ <UjLaJ! Cj^ _a ill 

jjl tCjU jjKII j ol^jljiu SjAll configurations 


LuJ gTi A 1 1 J-TL^JI jA>a 1 £_GJ . jLxJVI 6J-& ( Jx JxL-UJ 


lOkl 


jx <_»L^.VI jJ ju < JjlLjljJI 

<jJjj5L> j_ LsulLI JIj_ujJI 

JI 'A 1^ ±tt oL>j).xKl! ■Wj 

&JjLII (JLoSU _(_ol Jtil 

jl VI .&JjJ_lLlII 4jjjjl1I 

^ LJ j SjjLII 6 j-A 

ju j £-jjI —<-uJI ijjjjJI &j—aJLa 


<Ju-adV\a .g jjfl^Jlj <JujL^JI Jl «aLa^>I <<JUUlLl1 I 6 Jjj^.J-g 

jX <Jjj call 6jJlj^.VI 6jA_llj) <Ajl3Lj-oJI <b jjjJI SJ sJI J 

SjaJI ^ujVI ^£j-aJI &3-A j\u j-^j (j-c-La—2uVI ^(JJj^GJI 
SjaJI L^ujS J| 4 _sLa^!j . ^L^julg_ <_aj clul^ Lju& j-Gj) (^JVI 

I- *-* CjI^jIjUI Jajj jX <Jjj-coil 

C5>^l J ^JjJiJIj j^ <Jj>-il SjJI 

ju ilSl^JI <b_t <t ibna g jj-fl^JI j_aljuJI &jA ( Jx ^ * Ia3 g 4ujjJI 

6jA is~\ \j .^£jiJI jLlj a<*i 11 <_1jLgJlII djlujJjjJ 

JLlU L_Sjau jXJ_ui-\ <juulLJI ^_S 6Jjj^J-II £-JjVI ^£j_aJI j-g 

- the photon jj_2iJJI jl Lg£ I_gLgj .force carrier S J-SlII 

(A.' a <j iLu-a ^*\ 11 6jA_ll Jalu j-A — * -j-ciJJ <ju_uLt_uVI 6> 1^.jJl 

.6j_iJ_ujJI 6ja1I J-A jJJlKJI jLs 

K1 a it ^ 6 Jj J-«-tJI SjaL! j| jJlC . Ij_ujl^. J-^VI Jj \ i jVI 

jVA-SJI cLulS-lfl (^.u-^j-QJij .(Jlj^VI jAaj ^jjlo jJlC Luji- 

L 6J^ J>*-Lo jU < quantum mechanics (^SJI d^jLSLx^) 

<< ^ a '< ilala .ojj^-^JI 6 ja1I-S . 6ja 1I JSLi 4-1 j^ I ^ a ^j_i_uIjlLs 

j^jVI j-^- jjjji^JU ^LjlLoV l^J < Jliil (J-i-u_u ^-1^- 

jJjJl^J| J-uGlJ A I \\ A A J-Sl-AJ 6ji ( I JJlII (ilfJL-V J-O <( ^jIjlju_u 
J-U 6ja1I <jJJi jiJI jl^ <cJJjJ . j-oaLI j^VI t_J jL^JI 

jl^ <dilj j-° (J-^jlAjJI . A ITn 11 jj^ju_u <(j\jjjJt^JVI 

jl ^,\a f Lo-c foljjJI (^J-j ^JJUl> V SjjJ-JuJI 6ja!I jJuG ^J_g 

jj-u qIjj \KII j^j • I_<_aj cj ijij fKII <lK 


WHERE DOES PROTON MASS COME FROM? (*) 
HOW DO GLUONS BIND? (**) 
. o ^ A> i m s j l p) 

< ^sC^\ j_Ji\H)) :j—Lkjl] .the Large Hadron Collider (r) 

[68 <(2015)2/1 jIjjjJI 

subatomic (r) 
. clival]I :j| (1) 


L>^ 

9-LiS oL-ui (j-^1 j-d 

j*\jlj Ljjjl^J I k^a^^jiJI ijja a^> <luit^l jJ^I J^.1 417\ 11 jaJ(JjLOj 

^j^Jj . jjl^J.1 cjIjj \K11 j ol£!jl j _ill (_£-!■£■ I i_jji_ uj J1*jj 

— O Ijjjg 111 j oKjlj_^Jl <lK I_uLulg Jj^. luU.^k Ijjj-asj cHLolJ 

^jC l Aiin 1 ^H^ .CjIjj jjilVI (J-g_lLj Cj 1 auo^II j-g t Vu^> j 

aVi^I L$ ^- (^iJI ^_<-orJI - Higgs boson <^l 

^IU.1 yj (, '(LHC) J-XlZi\ ? JL^ ^ 

- 2012 ^Lc 5 _^gV_cI SjliL CERN <^jjlJI o j ^01 

jjj_g jl*i .<K ^La^JI ^iJI <J l^La-oII Higgs field 

Lg Ldlcj . < ITn 11 I_^jIjjG L^Gl (J^ ^ 11 I j_A j^£- CjLgji_ujl^JI 

^Jj^JI < l7\11 l aVi\g jJlujlG ^j£. <Jjj-call j \ 4 jJ 1 jl 

cj l^j Ij^-l I (j I ^1 • lJL?^ ^ I ^^ j i VI. ^—ijl I 

(sS*J aij^b ^%2 ^ hli ^ 

^JjVI Jja_» <%98 t<,K11 ^ ^ nil Aa <_al!l l a7>\g jl 


^ ol^jJSJI JX .LG ^III ii^JI jU .olijJSJI cUi Jl 
oEjJSJI jjU IjtG iz^lj jJ jjjidlj 

. < l7\ 11 <-gjJ£. 1^ Ati Vt 

<jjlji tjjLJLi1> <JjLa_G < 1 A^all J^JI ^IjLLg sj 

.<jLsILj <JLJj*N Anil ^Ju_u_2bJI a2jl± j^_s -U-ijJ jJl £jj^ aViII 

l_ aIaIg jl <m =E/(? :i-jl2$ j-° (J^ <<-!jL*-ll j^sx. j- 0 I^J 

ic-j-uj j-s ^Ij-uLLg 4llkJI j_A (m) 

Cj Ljj \ K11 J^g JiGj jjjjjjJI iiLU jj_ IjIslJJ -(c) ^j a AII 

<jlsLa-oJI iilLaJI j->,_lG Jl ^IjL-vj I^J^d <^JI jj-^ ‘ 1 ^ g 

• Cxf* Jj-f21 1 a 1 dJ 12JfKH 

jj^J Iaj rcj _a_i-o j-g| dJi->j \K11 MdlLa ejl_ui\ j| Jju 

jUAM^ ialLd .<_g_aL_<jlg |J_g|jX A* aA< (jX <j_ ujIj < \K11 L^lalLa 

j I jAX . <Jl^J_2^ Al ILs A | dj l-GJi UlM isULij-G jJlX j J_2>> 

.(JjJUlg J< a Vi i LaV-tal V LlIIx dj(->j iK llj dil^jljill 

3xl0" 24 J-G Jl) L^ja is~i (JjlGJlL! <_LG JJlC <jlgjV Sj-2^ ^JjlJ 

(r -^Jij j CiVt dJ 1 ■G Uil\ (J_ LAjuJ la_G J ^Ti jl (JjlS <^4_uIjJI j-G 

ialLa jU <d!lj J| <-al_A-i| . < lUl.-^V-11 j^ i \1 gC <->j j. g jj_^.I 
<L^JI <-i_uj ^_ a LgIj <^j^JI j-g .Ua.^ ^ _ jGj V djl _ \jpKll 


la_G aVm! ol^jljULj I ^ ^ n Lg-lS-LlJI J jv^ a tn Ji-ll <aLLJL 

^j 111 Atn A h<l I jaJ j La (J joj . JjLa I j_gX dJ I J di Lgj ujl^. 

ElA (JJj • LJLujI ^ a djL>j \K11 (J a_a <jlAjl\J iJ aA aa 1 I_o^_a 
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4jlAjl\J1 4_u^aJ jj&j i J-ol^JLi 6jJu_oAj £i Jal_ ujU V 

. L^.jLl (jj-ljJj ijjjJI JaJ j cj1g j) \K II <0jjl!I ^^-olL 


( * )( ?jl^Jl qLajxxl^JI (jAxJ IjU 

5jjlsxJ Jj^ju Li jjaJ I J(J _L _UjL*J 1 ^jj-^l CjLulSUL. 


5ujlll oLojlojl^JI ^xca> (JjLajj .5 jujJJI 5u2i-_ulll 5ju. 


- - 

Ro\\ En\ 

AA> jj* ^_yj\——uiA tj\—JI jIa <0-l*Y> 

A_i^^j\\ ?.\_i'jA^W c\j\_iilA.\ jj .A 993 ^.Vt. Jaa \ x\x-n.jAj j^aj Oj^J^a* 

a _ua\ jJa a~cA>*\Y\ ^_jj\ -s.~A\ ^=\iA\^ AYlxii a _mj-oA\ 

.aaj'j\\ oY^^jA^AY qj) A<A\ - Aj\ ^A\ A_ija 



,^\ 


BKs 


’ ^ 

(r) (QCD) 4_xa^aSJI 3_ujUI 15 L-loLujJL o _s j£. 

a \ < <* \U\4 a jij^ 11 s^aJI (JjLg LcLoj . 6 j i j-J ail S^aJI ( LuLu-<iLij 

lixcLuJI ^jLa <5juLi^^JI jXJu-u^JI 5\^. A Vi (J^^. jj-^~ruu 
\ C- 1 i 1 1 \ ft . * 1 4-AJ^J 4 \ i U 1 ^_3j_*u 5 jlu^LL (Jj^. j^^-oju QCD 

S_£a 11 uA ll=JJ dljJ UjJI £C-JUU 2 (JJ ^J—$-Ao 

lUjAjJI ^A 4-J^Jj <5u x n llVl» rij^^JI 6 ^aIL <JjLLo 6 j-ij uill 

JLJ diinrU I jUs Jic — :v.\ I ,K 1 1 jUJ^I ^yA LLlA^) y \ '\ \ <4 > .uAJ 
jLj ^J-O j CiLoJu-a^. I 42 JI j 3~i3~i Lojuj LsljJ I oLaJu_a^JI 

. ( j ( jJJI ^L-aC <J-A 

CilAj) tKll J (jLs <QCD _ JLoljLijJI ej 

. Lllllsj 


Thomas ViWncV. 

^ A j\—Ai ^3 -l^a^W 


< ^r-^oi N> 

) _2>Ai Ali\ 1 _ ' A^\\ 

1 ^. CERH a^,^^A\ q^-s. s\\ jaIAAA 

•V s —‘- u Vj^3 ^^^A\-Aj\^A\ Yaj^ qC. o-%v\\ ^ 

. oYj>^>\ ^_a o\^3jp^A\ t A i/~i ^ a_A\j^A\ -s, 


' .UV*A\ oVSO ^ 


Ra\u Nloou^opaVao 

^ a^A\ a^j^A\ 

Ci\lj\^A\ J1VH ^jLij±A CjtA^. 



1 *Ail Lo ‘Cil_jj)iKll (JjLlL \ ^ _3 Ifl tAat i j_uGJI 

L^JJLlaj LojIj ol^jljill _1^ j is\'\ 3 \ V CjL> j)iK11 (Jjl_u ^j| 

QCD Ki^iliJl ^ _3 I J_A JjLojj . 1 ^ \ n I_ ojl3 L-^jI 

oLQjjaILs — <Ji_t n \lo\a ^j^JL <AjLLo £ij \\\ 6jA3 

Ijlcj^. ftJk a IaIj LoJjlC ^jLlsJL JJ^LJjlo jJb Lo^ t ju^X ' 

J^UUol ujj— i 6^ ^ ^ 

6J OxV»ll ‘ A\\\ _ uj <A^Lc ^1 jJI 

^-JlLlLujlJ J^iKlU .oLaJu-a^JI 6 jJU-OlaJI £j 1-3LloI 1 JvC 

j' jL^- 0 jrjj L^J-° 

Cii \lVi QjL^J LajuUJ . J_2^.1 J ^JJlK ^1 Jj-3LJ | QjlS Cil_ 

t J-Jul ol AJu-a^JI (J-U (J£.L3 jJ| 6^3 l^-jl jl 

J^UlJI c_ 3 L 3 Li-.il ^Jl _ j oiAjiKll ^Ijjl oLlIa! _ 3 

I^jloIIj jJI ^_3 6J_A Cil JJ.\ K11 CjI jljpJil 6jL I_u A ^s. \Tij .&J_A 

jU.) .<^j|jj| JaLu <JLQJ) JQ&. 11 <JLJjJJI 

K jy^Ji D H> J K ^J^J F> J J D> J^L^aa]) 

(.^Li^VI Iaa 2004 ^.Ic (J-^A 
CjA^I QCD _ jloLijjJI O _ t ^uJI J^AsJI _ ^.j 

julLi Loj iijlalll 6J A A. ^JLsJI ^ 3 ClUj^.1 ^JlII ^jjl ^jJI 

dilj . * ^jl .11 U pLij-lSJI ^l^jl A^.1 I 4 AIj < l^-JLO 

<^1=lJl1I QaL Lo_oj .^bjlalll 6J-A ^-3 6 jJl^-o 6j-ij£. Qjlu^1-3j ^Aaj 

WHY DO SOME PARTICLES HAVE COLORS? (*) 
. JjSLlj :jl farrangement (^) 
deeply inelastic scattering (r) 
quantum chromodynamics (r) 
color charge (l) 
the standard model of physics ( 0 ) 


.<LU| A a 1 ^ \I 
ujJ^£. dlj)L 0 1 a A i I 6 J ij *nll 6 ^aUj 

.JjISILj . 1 *1 n 5-31 _ujlU CjJ )j 1 aK ^>^1 ^ J Ai j^-11 

^£jA I ([/u-ajJalsua ^J^_i SjJijIJ A. \ m iJ^>\a ^j^£JI 6 ^aII ^jl-3 

. 1 1 i i 5-3Lx.all SjLj £-A < j 1 l,£\^ 1 i i 5-31_uulj Cld-3 LoJ^ 

JjjjAJI oLulL-u ^A Cji^jlJ^-!l Li jJlLII A3 j 

^ ^ ^ J-!2j —LixJI 

dl^L<_u ^^yt-uuO j u ^ ^ a x tLi J)V1 ( SjJLJ^ Jj^A_iLi UJ 


l_^I j-ALi 5 aILJI 5jJLc oLjj^a5vl| (JjLuj <^^-o^a!I SLAC 

j-oj CiLijjjUVI ^1 i^j-1 Jl^^l c>^_i ^ij .oLijjj^JI ^ 
OLjjJji^jVI (jl CiVL^. ^A JtlTV jJ LaljLi <6 j-x-LLlc 6j_sLc 

5a.j_<_u O3 xt.^ A3j . x 3lL^J1 <—i 1 a^*> _uLu ^aLlu^j 

JA.1 J J_S cl)^ CjI _jlj_Jjl 

. 6J—A ’ ^dilj^ CjA— tjj^j x Cj1 

jjuG i j2 (jl 6jj r (DIS) 4 4 1 At 11 C 11 < < 11 11 ojL^j ciuju j 

cjIa! ujlLI j\c < 3 i» A A (jAa ill 1 ^ *A« i 

^JL*_i Lc j^ LaJULi < Lflu 4 1 a^IaJI 6jJuusaJI 

.6jJlj^JI Cj 1aLujlI 1 Ale. l^-JULi LojA 

Q v ATi _II S J-i J_xJuJI 6jUI J-a£. 4 jl3jl\ uj _ij, 3*v 1 

LoAjl*A .4 _ jj_o jljjLi I_ aA« i i G/^Lojj-o tjft _ 

_A>II u^^je 6-° CtmS* 

X^OJLjJI 1 , J^9 \ ^j£. _ ^11 Ja*i i i Lo J iC- LqJJJ . \ _ £lQ \ 3 

G/u SjaJI jl JA-O Q_ iLLij . Lt_o La^ _cxj.ru ^j>11 ^J^J S^A ^jIa 

4_LusIa 5aI _uj-o j\c L jlo LJa 16 (Jjj J^Lsu Lo 

I I j| O-u^l^u I jLo ^ 2lS La^-juu 

51sLujju Sol^l/ai (y^ 5JjLulLI EjaJI 6luCil ^jjj5Lc 4jl^.jLL S^a 

j-^\ J^S-1 ^A ^pjJI ^IUajI J I^u X 3 ljlS • j2jJI ^ LaIj 


Our Crowded Cosmos (*) 
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4jLitKJl pLu cjJI qd 


<L±juj\juj\ 01 

H ♦♦ % 

judl Ms j < j^Luaoj q 3^I P OljdJI jl 

Oldj)iKll ^Vtlij .oldi^iiSJ oldjl:4i ijjJlXI 2UuiLuVI qUuu^II 
((jv ) m\\ jw&A ^k) bosons oldjjj-i ujj OLao—maJl ja 

.4jluMI ( 5 '^5 Jsdj j&,^_kj (the Higgs j&j-uiMI *Luj-ujL <^^111 j 

juMjJI j£ <UjJMJ 5J-iJ-uiJI £^SlII - (J ^SlII J—<Jil Jkdd oldi^iKJli 
dldA oldjj^JI ^1 ritual .old^MIj old^djjjJI Jdlj Oldjl^SJI 

lilMJ jj_SJ| ^ <LkIjjjJJ <L_ujLujYI uUi,u(HI tjA j_dYI £j_UI 

Jlo (Leptons a>\ _jjiilll ^Hl (>VA\ j—uu ^_k) oLdjaa^s 

jl (Ol£jl j^JI j* £l p 3 j-uj .ol£jl^SJI j (OLij^MYl 

juj ^^ladl flavors juA^'dl ^^ j Ms L^la j\_c,^3 
.OluMI ^ jlj^a.^ - OldjjddJIj Old^3j^jll ju^-u-ujJI 

J/YI J^JI ^IdJI JaMI OJLUI J^dl 


| 1/2 +2/3 1/2 +2/311/2 +2/3 

£ 

I 2.3 II 1,275 -173,500 

11/2 -1/3 1/2 -1/3il/2 -1/31 

4.8 95 4,180 

11/2 0'|l/2 0“ 



jAJI 3J3£ jLjjl - 



| L^jJUj Sjdb) ai&JI | 
(Ms jjj^-ll 


FujjjAJH 

5_jiU) 





<j\ O- 0 pp P^ ‘Jliil cP-<-u P^ 

(diljLod OId j) \K ^j_o MJGj jj^dj^jJI 

<j-o^.I Jill cA2%]\ M^.1 tdjj-kda 

^ uiAjpl up • juP J jl 

5JU. j_o^l dllj^j . <jl3jJ < W it) d\\"\ a \ 

^Ldl ^-0-cull Opjjpll J^l 

pion j»_cuL Ul£ Mjju) Jt meson 

plpj plj—^ ^jj 6— 0 ^P c5‘i—II 

<jdjJ <jl^_UJ V _UJL 2 JI lu^-S (jLtMc 

. l^J <didj^-A _la| ^j-o ^C-pl _1^- ^ 

oldjjJpU <jdjlll <ju^ _ulll (JjLju q \J 

idL^UI CjIM _ulll (Jjl_aid (JjLcu 

Anil ^Osdd Lojlu ^Id^Jj .oljjJI 5JU. 

< 1 \ ^ 1 7« JA. A < 1 \ \ » oljjJI MjlsLucJI 

<jJLujJI <MuJlll (JjlSj <-L^.jJsI oldjdj^jJI 
<d^_ulll (JjLaid <aAjl\ (Op^>dil^U 

l**(l \ -V I I I A. I >^S < 1 -s. \ \ \ OpjjpU <JJ jW 

ja£. j_o I Cj idj) \K11J CjI^JjIJ _ill <jdjill 

.QCD l^jLcldjjJI 5-pdj ^_a jcu-dalj 
QCD UxoLhJI <1 p=d ^jud^j 

oldjdjjjJI (_J—Udd Mp dildS J—Ujdd ^jl 

^ ■u p^ xP-11 ^dlddJI ^k. opjdlJlj 
^us^ldj 1 ^ U ^1 CjI_jjjj^jJI tjte (^J-sJI 

^.uldjl (jdaJU ^£jJI .OiljjJI JiJ J 

Ju^jdJI ^j| <h jJddJI A djL^. (_^dJI 

^AJL» QCD l^JLcldjjJI (j-a ^JLp I ^ I 


t^jej -C5 1 


U^dJI 


J—‘A^ Lf 4 


<d^dJI OjI^jIj _^Jl pi <^Luilj .5 _SjJ|_a CjIj _did J_did_s ^jl 

Qjlc J_>lkdd CjI ^PUI 6J^dld-o I jl J C | (<ji ujLuj^I 

^Ijjlj 1 Ai^PI L>° ^Ul^VIj j t 3fkJI 5^1^-° <^)ldJI CjLdjlA 
a ^ \T\1Ij fQJL^dldj J^Mlid duL-ouLI cjI^jIj^- 11 j oKjlA-ll (j-o 
Op^fjpl C5J^J • p d -^ J ^idd o U wn^l l ^ pp dpj 

I 4jJ Lc Lcj uu £j Idj^ddJ 1^ Cj Id^dJ^jjj l (J X MI Lo JjlC <1 d I 

cj Idj ^K11 ^j-o ^ I 1 p I cj Id^dj^p I I j uu Idj) \ K, 11 p. j./\ 

Fundamental Particles (*) 
WHY DO GLUONS NOT MULTIPLY FOREVER? (**) 

(>) 


. J—^ J 


CjVjU-a (jl —II plsJI Id-iSs Jj—a.j 

Ujl£. <JJ3l x^ll £ _1L jJfc QCD _LaldjjJI 

SpJI JCJLuad UJJL^. <6jJLp!l old I _Ulll 

dllj^J • IU-~v 6 JjJ-uj oldpuij ol^jljUl 
L ^LuJ ^_dljLudLj pi j_djLad 


<LoL^JC Opjjpi J_^.Ij <dpll oKjljUlj <dpl ^1_ jjjlKJJ 

- Ji jj QifP judd il"_ ujlo cowfvwemewl ^1 . ?pl 

foLu^sL jtt <-uji_ujp 1-^dd \C pJI ^Idu-oJI jldJ^I OaJ ^^-S 

• P-a (^1 p pjJ op-aj 6pp CM 

pi oL^pSJI cJl^Laij v P 




JU£. ^jl ^j <QCD l£_ 


old-ijJI pldd 


(p-aj —*_tl J—^.Ij 1 


a 6 j j_LC 4 -2^-U 

l^jlj-^JIj oL^pUl 
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(jSLlU) jjJjJI j-lIIj 

ObijjliJI J Objj i 1 ^jdll J <| :v; ' £AU±1 v c^dll J^JI ^5-11 4-die 3 jl J^JI <La .Jj Oald Lbi j^dll jld Lsjdt 
Olxjj-ui.1 <-»ijbab Cuaj j£ j .<La.j^ala cjIjj-uIS 4_»buzzed 3 ^ Ob ijjlKJIj oldjl jSJI ojld jddxt .5jiiiuxa <ULa. 
JJjj <(JbuaA\ a\dd\ 4_bkl\ 4_aj_ujl\) pb^ vK,ll j objl^SJI laj^b SLjlcaJJ <<ULaJI adA ^gJI 4 -u^sj^I 

jl jj^t j^'l ^dVw<n L&jj_b JMd. Laj^Ldl &jj& <LxiIjJ_jj .g^AII 4 xjj_u <_jjLo ole. ja*i jdt Ljlo 4_»j dll <_£jdJI 3 ^ 

. Lbi^SJ jSLdU j^KUl 1 Lbul Lb I j ohj) i.K.11 j oldjl dj-L<u 3 1 * ; ' ^ -bsd j-x±J I 


SjLaII 5j-uo <Luiji- CjV^ 

Ob^3jj_Lll 4ijJltl dLD jjlWi "4 ~'j ' i< 'IJ oldjl^SJI j^a Sjldxa joe ob_bji <4-bl<i O^La. <bjjjdbjjdJI 
Objl^SJI j-La L$djSbJJ (oMxUUI) oljdLUl 2 luj \ jJ <j-ojiu bjjjj j*-ll SjjldJI O^La-ll ddAj .Oldjjilll 3 

.SjLolLI 4_uxlajjJI jUd^l joai 4^3lALaiXI L^blSLab ^dJIj - Ob j_l1£JIj 


L^ol jj-oI j <LuJ). lKJI CaLi ij^JI 

.Ob^jddJI^ Objdjj-dl bib ^gJj Dbiuia. Ol.\ Vu <iV ebljdd jl Qbj) vK..II^ ObjI^SJI jbbb 4d1 4_jjiddJI SlSL^JJ j^Jaj 
JSdid jSbJLl bdul <(8 l) bii objjJS juj OlTGj ^_U I 4-dj^ U*\JI objSJI oL\ un% ^ 3-^3 <JldXI J'' “ i _ r Lt ijSbXI j^i 
3-3 L-iJQj Objl^SJI 4_Lfcbj oVba. jl <(Vi) obj^iKJI^ L^dl jbdta^ oLSjl^SJI 3^3 <Ua_boVb^ j£ Sjbt 4d_L^JJ) qLa u 
4»uj-l 1SJI ObjSJI jl <Objl^SJI 4-LC.b j dj-iljxa Jj&I JjJj j%i j&ljHj .(c) La^->jLA^, \ jUa-bj^ j-LSjl^S 

l 0 I 1 ;v;< Nfl i ■ **< 1 13 La (Liia^JI i**«l ^<i ii*v 1 3 


4JLxJk> 4Jlo. 


bi^^jJI 4dlb alajj dJ '' <1( ^jxxJI olsd .jdbdJb 1^-id.lj ObJ-d£J| 1 J-u 4i^U ^jjuj ^gJI ObJjdlllJ ubi^j_dl £_aijxxb jdc 
<dJ-djJI Obi^iKJIj .4. inL^yi Ob4dlb 3 ^ Jdl 4dUa_» L^do JS old 4_bi^iid ^1 jjl ^Jl Obj)iKJl ^iruiV\ ^Jl Lta 

dJJU jSb-i ^ ^jJI J^aJI ,^11 Jj-a-» tdUsdl 4-»l^d ^j .bdul Jsl OldUsu Soxlj obj-LK ^gJl ^.KtI’m 

dldiiJ .' ^ 4 '-^ 1 j <ild^ ^.aloj 4_»jldj iLlba. JUlcujI ^1 ^bcul 4JL^ ^gJI tpb^ t Kll j- 4 4-ijX <t‘i 3 j* 

•3VI jLaj_» V 4_bjj uLuuidl Olfc j-jxo 4Jl_aJI add Jds jjJ 4_»^S Ol 


4d jio 4dids 


color glass condensate p) 








(oVJboUl) 

iKII j olSjl^SJLi 44 lLjuXI 



UiJ^! 


j is* u 1 *-*! 

.SjAluxa djjx-s jjjlj jl 

^MUI ^1 4iL-5Li 

oilj'KHj <<L»jm L^bLbaj 
. j* <S*^3 ^ 




1—3U3 4—h i’ij^a £jbjlj-£ 3—5jj—II J-^l J (jjjbb jl j£ J-AxAVi 

jli 4 ,„< n njJI ol^jl^SJI ^Jl 4iLAIj .(^Aut>A\ ^k) ob^ \ Klb 

( jlj->V.u *ib ^-.bAb j j(j SjbAXI SjUI l^b^bLLa^ Objl^SJI ^ LlI jjl 

jjJu 4 _loJSL dju Lxo ^ Uxoj ^1 4, t^uull Obj) \K1I JL1 jS 

<j^ Jdfc juibu jj^-a Ab^J) I jJ&j .ob^ybJIj ob^jj^jJI JAb .\^-txUI 

JbSJI SLbuj Cjb^ d<J) j CibjI^SJI jj-xj4b ».4 iS JXa <4 _l-uL-uVI 4J u xi^) 

AuAJb Obi^iiSJI ^J_2b s.4A<l^bb1 oUi i H oUiuj-oJlj 
J^bJI (^J^l .Sji\..u ha ^ CilSjl^SJI j-x-tf 

jbbfcl ^ 0J4& J^aJ J^bb^AaJI Lg-x/b L5 -bJI 

j_ii. ^Lb^1 ^lAxAl 4J^ V^<bjiajJI <1 

.(*la\£X\ ^^jloA\) Cabjl^SJIJ Cabj)bSJJ ajLixa 


:4_ijjJI 4.bdI 

^ A'\ \ A,\ ) SjjU d-i^u-uMSil Sj^rJI 
^ L$_j1 (d.^Jw4\ ^Sjlu\ 

fjji 4j51 Jjxa. CjI4,3j^LM 

<Ljcjl4j Calj 
jaj . La^la J5J CilSjl(j^ 

5ji-jJI (Jj±i <1^4^41 ^ J5U4I 

Sj^i^ill ^jji)3 -3_ls^ aSJI 

J^Ij ^ U bl^lsu4>l ^ 2^1 jH 

.^JljjJI j^J Cjl-AU-tL-Jl 






^1 oV<-u-ll yte-* ^ 
(H^\) Uij^ i' 

^l"'l '* j< t iLiJjiJI ■"' ! I I ' 
.3_ijl jJU <QS j^. ^jJI 4iL<bl 


'iba ^a£ S ’ji-j. 


51 


quantum foam (^) 


The Quandaries of Quarks and Gluons (*) 
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. <-1^2 iajljLO 

61 i£i —^ ^ ‘r’jW^ CA^J 

(j-U-cu ^2La Ixm/a Lo <^jjj .^J£JI ^j>U-cijJI ^A %30 ^2 _cuJ 

J~x a£ ^^jjjJlLI £ J jAall daLoj_ clc^JI Sjj-c^s Sdalujj jl^JI 


jLca_t 

Sj-llLlo Jj-sJI ^ xA£i cjIjj) aKH j dal£jlj£JI ^a jcjLo 

* s^Lala ^jl J_u .data J) *!£ ecu! 1 <j-o 4 _i2jlLLI 4ulo£JI I_cujlo 

6 IcalaLa LoI Lfl aixcu clcc^.^ 4 JaAl_call OIj^j j(jjJI ^ J. < ^ 

<jl C5J^“' 4 jlU2j -cu-o daLa^j^aa (dllj ^jj-lVC j| I- 

%20 4_al^2 ^_A j^_lII (yuuuu ^_3 da La jjlKJI da ll-i-Ccu 4 _o_aIuujlo 
. IJ^22_o <JIjLo jrU-cuJI %50 ^^2 <jl ^ aa a Lo-o — -LaAS 
. La£-o-o ^jLo_ca 4 \ a cu w aj 

4ju-ijUuajJI 4-0jlVaoll (^^jlj-ll ^^jX^.jJI 
a^ljUl daLaaa-cu ^jAy A C 6j 


^1 4ilc^l (LgJuj-ca)UjjU^ Jj_^c 

.(JU-O_LoJI (Jj_^ 4_Jjl jll I_^jl£j^. 

o^IjUIj oKjlj-SU 6Li <cU^j 

J-^lj 6j(J-cOL2cil da LaJ) aKIlJ 6 jl_lakil 


JJC j^au jl jSbAJ 
OtSjl jSJI OLj^.alSJ I 

.ixuulJ olJjiui 


*LVI da Laj) aKIl 42lLs ^j-o (J. A&. a j£ I 42 LU Lfl2-o J£Jj <6j-iJ^JI 

daLajoK jcjoj 6J aJjll da Laj) a K11 j)l2 < La jj-laj .1 SjljJJ 

I J-A da Laj a K11 jlLa coalj • 1 a 1 J2| dal slLxa ^j^.1 6J Jj 

■ ^ 4^ jlix ^^jJI popcorn jl <n4ll 41a$U 4j tlu 

£-A — dWI 6J-A ^gla A Tall 4 jlLoC j-oju-oj ^j! iijiajJI 

. J-cOl^J V Ij-A ^jl cJl^JU LajI 

plkiJI v L^iVL objJSJI o JA \- cul j_J 

j-Sju-u-o Jj(jjiji^jJI y-ua-Lcu J^-I _ ulaJI 4 aj^Lc 

U-=^) -ca-o 6jlll IjkjJ 

ja\ A all ^IjljVI ^“La^. \\ s _cu 6j(jj-c^ 0^^ 

— ^IjljVI J calculi da Laj> \ K11 

^d-^l SV^—coJI I 3 A 1 ..o N I ^ 


d^I^i a~\ 4 x \ vln 11 I 4 —^^juLLI —S^fl 

^ aI^c, i^JI x .a u^U 6^ I.. —cu I ^ *03 cl 

dal ---'' J J_£ ^_LuOJ Lo j\c dj_iJX 

da La jj l*\ 11 LaJjlj o-a^ljJLa O_ a^x_j Ij-^ 

jSfcll ^J— 


6 J-A 


iijldll 4^jJiJI 4 jlo_A| ^lj .Lc^ul 4ujlj-o 4 ^j^. da La^ajj_J I dal 1 da Laj \ K11 ^.1 ^2Jlj LAj^UlI J_a J coll (Jjl_ill) ^uljJI 

^J 0 4 lo kj_i£^ . J 4*C I 4 01 l^. 4 I " 4 L^lK 4 a. 44ft 4 colL^jlII 4^1UJ1 

6J-SJ cu-o 4 JU. da Ijj aK II < da Laj) \ K11 JJ£ J-olll 

Lo-o : (V> cjlj^ji5J| ^ 1 < il l 1 lJj^AJ jL^JlVIj ^Ja-cujJI 

. 6^1—lJlcuJ 1 1 ** ^ a ^ ^ LluaI I 4jl*^ Lo 

c-^jJlI Lo Ulc ^_all <4 ju_loII d*l\^ 1 KII 4Jl^x (J-Ca^JI ^jl 

c5 Slo j-A^ ^ < color glass condensate <LujJ 

‘CJ^ ‘dllloj d>^J -OJ^I C5L^I U ^" - a ' . v ' 

.(J-ol£JL 4-o4o jJl£ L^uuajLcg^xj t 4ilj^J| 6J-A daljloul 

jCloj L^jVL^. lJ^I daluj)\K11 4_culjJ (Jjo^ £ iLlLcuj j 

L^j^LlLo (J-o ^j^VI 4-SjloAII dalcujJI ajjL^Ju ilLJI 6J-A jl^£l 

da Laj) \ K11 JJ£ J ^ J 1) S^aII JL^. . lollox 4 2 lIa1I 

^jJI 4_ luAj j-c£^2cJI JL^l 4_coLa 4 jluj1II 4jl^xLxjJI 42115111 

<dUj^ j_o^fl I jlj S^Lc£sI oI^jj^jlII la_jj-> 

jLaJI I da Laj> \ K11 JjJju 4_l2jl\J JjJjx jj-cau Jj-oacaJI 

.4a1jl^o daI2 Llcu ^2 4ulj J2--JI 4iajxiLo ^ja 


CalijoKIIj dai^jl^^ll ^ cAl^-oj dal-£j_cu j^j) ±s~i\ ^Ajuu 

o-ajlcdll ^lj-^-| (^2 (<C-ul>) IuJjxI dljlc T caj .^jjjj^jJI Jixlj 

jLlL^.V I 4a]l_C dal slla-a 4 jljj^jSJ| ^.1 J_a2a cuLa DIS 

J-2.1 (j-o J2ld <(J _ a_c^2jLll (d.ciL-x ^j-o <LajI .j(j_ cojLII lj_A 

^2 6 J Loll jLslWI ^J^la ^ILoIjccu jdaS 4 _jlsI^£jjj 2 dallcsJ 

(J -o J2l) jIojXqjaII ^J-O ^I^J (J-cau ^211 LajIajI —jjl 

•(j^I 6-° cJ3^fJ J 'j^ 

^SjLaII 5j-iiLa 9-u0^1^ 

da luj \ K11 j da l^j 1^5111 ^da^-C.l2j j daljIIG 4a \ ^_4 j ^u_ 2 l 


IjJ ^j- 0 <4 ala 4 II 

IjUl 


4>^- 4 4 h^ o 4^00 4 _j _alalia ^2 L^I 

da Lou_ca^JI j djluj^Ilallj dal2Jr>-dl ^_S 42jltll c- 

da^iox ^c-o-cuj QCD K voLjl>jJ12 . I Jjlzx 42jjJlLI ^jix^fl 

dal2Jj2lllj dal da^lox ^Jl 42 Lc 2»I 4 a_aj£ 4 j2jjjLa 

j joejl JUdl £._ co 2 j simulation SlSL .^11 4oioa2 .4_sjJUl 

^2ll) 4-uj) a KII da I (jJ-UI 4 o s J£ da l2jjjl_A 

dljlj^JI 2 >° clA^-JJ d )- 0 c_ 2 JGj ((dal_j < ^la2_4 dal_ * J^-l^ 

^-o-cu-o dc-yj 4 4 \ is~Ts 4 *n"y 3S dal2j) \ \\ j I jLcoll dljlj^Jlj 

WHERE DOES PROTON SPIN COME FROM? (*) 
EXOTIC STATES OF MATTER (**) 
gluon saturation (\) 
parent particles (Y) 

(A 

.^S^\ :j1 (1) 


^Luuc 


( ’sol-j^2j’UuuJI Iculd La 

_cu 4 -o_aI _cu-o 4 jc2j 5L> ^ I all I jaIII dill tc _ 




pU^fl pi At <41^11 daLlaa._ cu ^2 da l2j) a K11 j dal^jl j _£11 

4jLj|j(jjJI 42LUI 4 jlluj \,\ \\m daLljjjl^JI ^ ao1 ^jl jl .4 aK11 
da l nj * ni l dal j daLajjjl^JI Jj-Aaj . 6jj_^-o Jj.^. JjAj (r) JaLJ 
^2 l_A 4_aJjLk-o da La IoxjLs cJlIjj jjlalj 4 4 La \ 11 
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jj 11 6d& t—udjJJ . L*_a dl_ JJjJUlIIj dlljljjJLlI (J\J LjjJl 

3J1 <j£- 6 jLl£. j_aj — femtoscope u^*A jj 2 k.j ^jllLcoj 

(u^d < <^jd ^II) j(j ^ ^ 11 JiUo j^jlacj jj-a j-^ (r) cri < <vi 
dLcolla die. jAlj ^ La t-^trwin ^dll microscope 

J_coIjj . jjljjjJI J_Ls <. Legal j-a l_S _Wl j-a Uj _a* £-1 jj 


Jjj-alJI SdAllI dLVjll cj^Lfldjjjj ^ 

dlljjldJI Lajl \ ^.jL ^jjd a <jjl a \9 ^jj-<JuLa ^_lc ALsI jll j 

CJjLajiJI jA \ A ^ 1c J . j-gaLogajJI ^jIjJ 4jLdLojLa dllJJJjJJ 

i _ ^ 1 Jl&Lj 4jlj j._ coJ I QlljjjdIVI a.. \ \ d-aLs ^jJI <4djl a oil 

^jl A i <*\ \ A < J dLaJ_ t OaJI JJS jCCjjJI ^d jl_3 <4ldl_CO 4jjjl 

La jl XS~T\ L^_ajl JjlS f.J A A 11 <£j_co j-° Ljj^S dlcj_co ^Jl 

. A1VI 6dA ^-3 Licolj 

(i) (EIC) OL-ijj^JVI ^jLu 2^ —da jl 

(Jjj-a V 6J _coll ^_3 dLljJ _<oxa ^1 £. Jj-osa^JI ^JjJ_ L ’ u 

JjjdjLco AajLcgajll jXjaJI dLaJ_t n^k 11 jl s I dA J < l^J 

dLalLijVI jl d^ fjjdJI j«a jjdjLCO „i I d£> V I J ljt_a 4 < H ^ A 

^la* JL-JI die. dlld La_a j_d | CiljljdjJ dVj_S-aJ J-oaaJ 

Laj* C L* A A 1000 dLalLjjVI djda Jd*-a 6jl _ijj . jVI 


I \ 11 _<-u _cuJI DIS ^jL-OlLI ^_2 J-O^l <jl!£. 


11 6Jj-&iil <JlSI dl_kSlll ^j-o ^_1 c 


Jaj . lV) dLi^.dSJlj Lgd)jl^SJI J-O4-b-LJIJ-OdVL^ 

^ \ 4 111Q djIjUl 4 td jj 1 ** < 1 \ 1 4 ^ , : ',\ ^ | ^ , 7, ^ Luju-U L 

J J-C |J aA^^ J jL f^ ^ d-I \ S& ^j-AjJI I J_A 

4 ^L\ A ^ £^LL& 5_jjljj^jJI d^-J 1 d^jL^-o ^j-o 

SLa_call Si_Jalll dilj ^ II 4^.j .jdLsJI <j-° 

Jj(j-cuj A\^jjjLo^S j_lL^o ^j_cu_o 1 ^ l^c. did ^aJI GlueX 

<y> ls-^A 1 

SjLall _ 2 k.I 4_u^£ <JU. (jj _ijLjjlLII c_S _ctr^l I_ jl»J^. 

Lode <JLiJI 6 j_a J*\juLlu j . L^j^Llj djJLJ 

tj . pj) a AII <£.j_cu dLc-j-aaJ dj jJI ^ jLaOJiJ 

dlSjj^lllIj dljI ^.jA i/^'s Ladd <al (1x3-^ l-O-dJI 

<^jAjuJI \ aA« \ \ (^\JLajl A.AU 1 ^j-uI^JlII iLl^JI dldj-call dljJ 

did Sj cold ^1 j_iILljlj ^]/Jluj 11 I tjfrA \ Lck-jJI La^JULstjd ^jLs 

jJ^jJ isLjdJI 4 j 3 Us 4 a IU ^ 1 w) \ Id 1 1 jj Cjid^jl^dll j 1 1 AIL^. 

Loj^LlII 6 dj . d 1 w) ^ Id 11 ^ d 1 ^^)I jdJI L^jLa L^>_ juj 

djp Sjlj- 2 ^. <Li.jd <^jAj^I ^Jd 1 ^-jI dvS—cul SjLo ^uiI 

^jl 4 _ujlAj 11 J^lil ^^olJ Ij .4_>jJ_t_u 4^jj dlj>oij Jl 4-3LJj I ^^1^ 

Ji^l ^-Lc l^-Jcajl_LccS — jdd <_ajl_La LdjJ _ <_uj Sjlil 

.^lil ^jouJ ^jJI AajLLlI ^j_a Sj-a 

^ t^l! I 4 J—*i t jj ; iK!l-djlj^JI I J ^ j 

r A' ^Ij-^jli ^jjiaLsJI A _alsJI JA^Mjj .4_did 

^_a^jLl| /^l^djj_s j_u a — L^j I_aj^LjJI 6 dA dl id_col 


QCD Id \ a Id dll 4di \ is*> j_la Jj^dLjJLLlI ^jd-al dJ 

jJi _cad ^_S dljd J^Add <4 jlcA 11I JJ_d. 4_S_)^^fl ^da 

d^k .jj ^j| ^j-aj tciJJ^-ll ^ SdJddlll SjUl dljd-tJ c-U co j \lAll LHC ^jL-ailJ ^jJLcalll 4_LdJI dlljj^l ^.jLcOlI 

£_J||j1I jX lS*> I ^Vl I 4 SI — CERN 4_iJjlJI dJJ^-J lL! ^_sJ j j ^ I 

Laj^LJI 6dA JjLa 4jLslj-aJj .^aJIjJI ^b VLaldl L^jjd I j 

iL^.1 4_cod^-Jj .^jjdJI jjLj 4jLddJ jj_coj ^Jl J-c^jjJI jj-a 

^-jld coj i 4jdjLJI Laj^Li g.Tit 1 dll jj"\ \ 11 j d Ls jljjJ I 

Jd a Vi s dllj \ Id 11 j dldjl jdJI j ^ 4 \laC- 4_col j J Jjjjd.ljJI 

dldjljdJI LLlJ 4oddj jLoil >UI c ■fl i tid \ ^lal (jjjjdjt-a 

. ^jA X \ \ \ ^ aA> \ dlljjJdJIj 

<*»jkUVI ^1 

<^_cAlj_a ijfr jlI Jallj^. J-a£- JjjOjljjjAll Jjj <4jJLla SjJ-coj 

d lljJJjjJ I jAl J dldjl j_dJIj d llj \ K11 j\j _coj dldj^j 

cjl_u<A ^_lc JalljAJI 6J-A Jj-a lld^l_ cojLcoj .dl_JJjllJlj 

j^li dLaj-co^. Jjd ^£-3 dlljJ-ldJIj dldjIjdJI dLaJfc L — j-o-a 
4daJLjLa Sjlllj lljjjj-co JajljdJI 6dfe Jj-aj . L^_llljj_co j 4 OdII 

c ■ . ■ u on,. £ J dll^JdJIj dldjl jdJI LI_dl J^J^A. <V“a Jj£ 

Scientific American, May 2015 (-> ^ ^ ^ ^ ^ ~ ^ r - 'S~ 


<dilj ^-aj .dlljOdll j dldjl jdJI IdjLalljJj 4_alajll dl J-^cdll 

4 i/aO 4-CIjo^aJ 4_aj^UI SJjdkll £ _LadJI ^J>a j_a jd-all ^_I 

^diuj .LjjJIj dlljjJdJI jd 1 dd jIjjjJ 4Lj_cojj 4LjIJ j_a 

Jjlj j-*-UI <-Lj IjJL a| LJU. 1 _AjJjLjj j 2 kjdl ^jJI dllldll J^I^H 

‘(£J^ ^^ JJJ-° 

U . I4SLjjeco-a jj I ^b 6 jLil jj jdl 4 -iAidj jLull 

THE WAY FORWARD (*) 
quark-antiquark-gloun-bound states (^) 
quark-gluon plasma (Y) 
tool akin (r) 
the electron-ion collider (i) 
the strong force ( 0 ) 


- djljlcuMI - 

Reliable Perturbative Results for Strong Interactions? H. David Politzer in Physical Review 
Letters , Vol. 30, No. 26, pages 1346-1349; June 25,1973. 

Ultraviolet Behavior of Non-Abelian Gauge Theories. David J. Gross and Frank Wilczek in 
Physical Review Letters, Vol. 30, No. 26, pages 1343-1346; June 25,1973. 
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m\W^ ^yL>\o,jN\0\\ ^ j£A\ cA.\\-s- v^^CiXl 

O^ACi. ^i_\m a\V^. ^juoiaAN <A V _^\V>>. a <Alk^ 

. ^jN.J-ivW A '^oV-I^Cs^A ^\ C^aS^AN »V)aA.\ 


<tdlj(jj .W .F> — <Laj_i_u .C .K> 


j\ ii i i ^ 11 J£.L_uJ ^jJI oIIjl-JI CjIjahC. IjJJ^. ^xJIjlII ^L^jI ^a a Vi 
l_ 2^AJ duL» ^iJI oIIjlcJI difc 1 Jl1 a" s. ^j_oj <£j-2jl 1 a uA _ic 

< (period J ljL-^lkl)Pei SaX\j <CYock teXua :Jlo ^ *Lu_uL 

. (timeless J IjL^IiiJ) T\m ajAYi^.j 

uLA^' ^ ^L>P-^ Ljl—'- U L> J ^jSj* uMj 

icL_u 24 Jj jJ\Ts) *UjLa2xL-<-u CjlAi^. lls^ a2J ‘JjVI 

< 4jl^JI qLiusjuXI ^.O < 1 < V« A \ A < 1 1 4 I i 1 t I i ^ ^ L> ^ ^( 1 \ tj 0 4 

. J iti dl ^Jl Vjjj (.Li I ^_jLs j_s I j Lj nC \ 11 ^j_o h Jj 

<j-o £-<-ulj t 2 da ^_2 L^jI_JjlLo CjLjul^JI 6J-A 2>° J II J Jjljj 


<6JAC. 500 <LCj_cuJ L^ I 1 j3j_lL 1 j) ^ jiLcuJ ^A_cXo 

<Lcl_<_u ^ jAJ Lo JjlC CjJ^j Loj <Cjl£.l _ <-u ^_lc J_Tp 6j-o 

j^2i ^4 Ki 41 £_o <Aal^JLO jJ-C <xl^.1 J-ll |\ ui^ 11 

^JP A ill J l^T\ JJ £ J-O *jll £“ ll^J L<UjJj . L^Jl2 1 ^ i AJL^J 
Iajl* eiljj — (T) Cjj£^ o-LlI jIj! jji-^ALs 

<Axi»jlil <the master clock (r) <LuxajjJI axL^JI 

jx£ljuJI 4 jJlj jl <^LojJI ^Lo£.| ^_a 

^^U=JI Jj- 1^. jAJ j^lll ^ _tn^kll (_dka-> LoJjl£. ^JlojJI 

— q - LcJjlII _um^I Lo cJx^A H j-du Lo C5 3 


1 1<5 111 4jlc_A| CjI J dul^ l^-J I ^ 1c. JJ_» I j_Aj - ^1 jA^fl 

.^Ajvkll jjklJI <jLc JljJU survival 

<AjlUj ^ 3 ^jVI _1^. jjWill (J__jlojl>j 

j-Aj ^metabolism (V| uM<il miVI cjI _4jk^l ^ olcl_<-JI 

L^JlIsI _i_u^J _tn^.11 ^1 CjLlLoaJI 5_Cj^.^c 

2A-» (J-^j) • <JLoAj _tx(V J^jJI iilla ^Jl ^1J_ aJI 

jJ-u ^.IaLJI (JjIAj CjjlS^j 4juu& 1 ^jl <_ ujlAjJJ £^LjI J£\ 

THE CLOCKS WITHIN US (*) 
. J^l J ^j_»_uLl2 Cj-s-S 1 ^ ft . ^ a■»",,!' Lil yu^ <1klo :time zone (^) 

j^l— i_ul 1I l^-ijlju i_jjl 11I L&jjfiUka f^A jj <j— i_uLaj <JLi. :jet lag (Y) 

Cjtc.lAiV 1 JUl^l l ti nJ . 6 J JjLLq < LlLoj ^JaLlo J' c S^jUaJL* <J_)^La < 1-L^j Jjlj 

. Lu4 £.Li_u inf -J I 6j(j J £-a < LLalj)Hll /ft < . < ^ 11 (dk.1 J <L»^.^-iJ-ll 

.5jjjljll :j1 (t) 

.LjLjJI faL ol jl) otcL-oJl jl fcircadian clock genes (o) 
.ipJI ollMUl :j1 Miving organisms (n) 

•o^l ( v ) 

cellular (or regional) clocks (a) 

■^jAI (') 


<_sL-2s| < J-oIaj |\ui^ 11 ^j| — 5-!Li-^Lo _ UJ (J^Lk 

3-lXui^ olxl—CU ^LJI <L uinjJI icl call 

Lu &j (J^Lj^juJIj jjlsJI ^ Sjjajlo regional clocks 

Lo I _ jujl^JJ ^jlAjJI dUj^j <g-1 aAcVI _a 

peripheral clocks (1 ) 3^K^rJk) olxL-aJI 6J.A ^ 

<L-£sl^JI <5 ju_OJLJjJI icL_aJI ^JLOjJI 1 ^ OC-l-AJ 

J ^J*N Xnil Jj ijljjJL Jjlji call Jfl.xu 

■ 6JAa 1I oLljk> dilj 

J-a£- 5 jJ1 ^1 ^A_ lju S &J 

. 1 ^ l^c. .U \ CjLjljl^JI l_^jAJij 4jlLlJl^JJ CjIcI _call 6 

<<^LcjjlJlLcu1 j| <£-Lcu Jjl (jl 

Cy> ( < cdj^j > ) Ijj^. 1 • 1984 ^lc <i—^lill ujljj 
<1997 jxLc jAJi j jc-coAju-u) (^jJI (illdI <d <Af. 1 /j-C^ju£s 

< § ^ <Lc jj> lA^- Jb I J-^J <Ajl-~vJ-3JJlj <_cl cal j^-1 l 

2a2^Li d) I ^-II Cj I jJi-tluj .CjLajJjlII ^-2 


jL^WL 


Ol_6J_& (jl ^UjVI ^ a! \ \ \^ 

jljiVI jaj (jl 1 (j '\\ (n ^ chronobiological disruptions 
.o*2^llc^I c j—° I- J kj jt£ j c_jlAui^*2lj —‘-‘41 f-laj <jl jjJL 

old_<-u k) \a.A> SjIx. 1 ^_I-OJ (Jl <<_o jIaJI ol^Ji_call 

A d < nil 4 *Wlj < x^a 11 SjIaIxjjI SJJAJlII <Uca.jJj_uJI ^-caCsJI 


CjJlSjj 1a \ xAi'^ <Ju-uJkJij <£.1_cu ^UjJI J^l J 14 jLAC 

^L-aj^l ^ ^‘t> ,^-2 Oi-Ai (_j4l <U^^JjjljJI ol\l A* II jJLi^ 


•u L 


UJ-^ L^J 


v 111 I J_lj <<ju_2slil <_LkJI ol^l. 

Jjl\J1 ^2 jj JJ ( J in i A^3 ji) Olxl—Lxi <Lcu ^jl ^—l.C 

. jLlj^ ^Ait^wll ^j^.1 (■[. xAci^ (jxiL^52\ill^ 

olijl jji j».j—>J1 ^1 j»L*JaJI JjUu I_a LJlA .j 

. (■[ x ^AC ^fl «Lc L_u ^_o < >1 a > 11 ot^Lj-ull 6J-A ^C-Ijlj SLc-J^o 
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<£.1_ <~u 24 I 6jlaaJ,l (j-a Jj_ui a 

30 22 jI 20 ol jj c ^Jj ( l^l^Lcjj oilv^.11 ^cli!) 

> 3 \\ *S~l\ 1 oLcol jJ ^Lu_U .^jljL^.VI \ <JLJLaj <£.1 CO 

cull 1998 ^.Ic j <<Jjnil 5_liajJI L^lljjjJ l—Ls j I_ 

<l^UJI o _ Lujjll^ <a_ad. ^ _a 6j2Lajj <2x3 _ i-uljUk .c> 

^aJI Ljju^jJI 2)1 <2sAj_a^l all 5 aVJajLcoIa <aaJu 

dJl oils cl (r) 3-u.uJI e>3 jjJ £_a L^jlcI _co Sjjc oil IIjl 

L^jJu <aIIoj aj-d IjJ J ^1 :ddcS . l^_*_a <1-31^JLC _ill 

Ij_ol £^j_co| <aj _coJI plijjJI Iaj n< \ 11 2x3^ <<daj <£.1_x_o 24 

2)i! .<£.1_ uj 22 L^jj-o Ijjj ol2 oljiU ^j_o Lai_colli ^o^.lj 

4 a 11a 11 j e-J) dll IjJ J (JaJalja <Lo£ J^ajI j < 2xj)uilj^li Lad-C 
Q *1 * 1 i o-3a oljiiaJI clll 2)1 I J) w J <«Lixoj <cLco 22 ^Jl I \* *ua*> 
O-Uj ^Jj^fl 6j-aJJj .<AJ coJI LJ n*\ \ 11 (j-a <J_cds| 1 jJ_oOA <jl^. 

jcAU^-cdl J^jlS jlJ| ^Je IjdJI 2)1 i^j ^ ‘£\J-dcAjl ~vlll 6C-A 

^j-a <ajuJI oljjC II £-a L-lJdl jJI <A-J< mVI CjL-£I dMJ 

.4_a^l^l.l j(jJlA 2)1 l-$ul-2u 

‘ jllLd oil^ ^_lc OajJU ' d 4j * r« 41( icLuJI dJl J| £_aj 

<jjLajjJI luLJI 2)ji ^Uj^JI I_>j \l*s \ 11 6jj^.ji.l clll 2)^ 

cJL^kJI 6CA oLJl ^_a 6j-uS I <uLtoU 

2/if IaaJI l iK 2)1 (^5 -^ Ic-Aj .4lj2)-ll (^1 d ^1 < A11 ^ |^ iJ~\ ~\. I| 

0U.UJI ^Jii^jJ ^JUUlLJI jjklJI ^llil ^_S 2^1' 111_ lo! 

. I ^ < <«a \ <1 \1 ^ ' 1 1 ‘ ^ ^I t*s 






CjIxLoj 


<£.1_co _co <Lal (jojJ <11 2)>^UI (j-ijjLsI <<_il JjJI 

^kllj < metronome ^LLiVI ia-Lui ‘^^oljl jjc 6 ii^j 

^lj ^.1 ^S <JL^.jJ jjuJ I ol_ iLxsJI 2 h° I cl J_£ I 

2)jl^UI ^ull 2)<> J -^ L *-II 2U^I Ol,*na wo ^-2j . t 11 

, 3 ^i a^i^Ji ^L»dJi 5 i^j ^1 VJ) A^Ij <_c^^JlLII <£ LcoJI 6OA 

L y\^ Jol <<l 1 Caj . (V) 2 JU 2 ulII (J\ U<C\X I) cJ—ILuaJ <—Kil 

^- lc oljLal J^-Lu oICa <0-1^. <1-00 6j -ui£ 

.^£J^.I <lAu-o-a g._<-olj ^1 aAc I CU^^l 

<£.I_coJI oil 2)1 (J, l c - 2/_ accLlIJ C_2_t 0*^11 0-2cl Jj 

^ilillVIj < iSlj Oill^ <^LajJI <La cojJI ( [^\3 


MASTER CLOCK (*) 
PERIPHERAL CLOCKS (**) 
circadian rhythums (^) 
DNA replication and repair (Y) 
the environmental light cycle (r) 
internal metabolic rhythms (i) 
the human clock mechanism ( 0 ) 
.JjaL :j1 (1) 

the suprachiasmatic nucleus of the brain (V) 
subordinate timing mechanisms (A) 


- u^l - 

Ke\\h C. Summa 

qa -~H\ ts\ al\ a^.jC 2 ^^ \ Ac - - cA_i_u\ ja <\-a^ 1 n> 

^L\<o_Cl AC>a-a _ ^403 Oj 3 ^> AjcaVc^ A_ila\\ ^jO>Va 

Ca\—oyc ^ iAC ^ 

. >_1 C\ ^^A^U^aC 

Fre^NN.Tuvek 

jj, A\ ^3 . C^p LJ -'A 3 Oj^> AjcoVik. 

oVc\a^i\ O^yvA A \x f>^\ 



6 jLj la * ■ o 2li_i-a. ^yo 4 _uAj d^Lilil ^Utlall 4 _l oJfcV 4 _JjLx_o 

<AjLajjJI oLcIIaVI 2 )Li < 3 laaLc>j (* 2 j 2 x 3 _ 

JjftUll I_ll^J <6J_Ixil O^UJI a 2 -A co _lIjA^. £ _i-a_2c 

LaAj <<0tf2jLlJI IIIaJjiJ-coo (^-l£ LLaLco^.1 SJaCaJI ole LcoJI 
^alllll dljjVI 2 )La I ale < IIlaIc ol*-AA J_aL^jJI dJj < 1 a^a 
2 ^aIj1s ^1 ^aaJia olc^L oLcIIaVI 6C^J <£j-coa 

Sjd 2)A_codi ^ij <(Ja 1 jlco 1 I ^1 L^-^Lej ( j2alj-a^fl ( jOlU^-coA 
.^j-ilj-a^l 2)-° L^AjllJJ jSL^jLco^.1 <A-CAJ 4 aIjl 3 lII (^- 1 ^ clji^l 


'd \t n\\j 4xLcu 

<a.^J 1 l^llllli del < l^-i SLl-JI j. _ c2ud ( j2sj^l ^-lej 

J-Jjl 2)-^ dJjll jSkj_Jl Jlljj <AJLaJA ol_ ^lidf < _coal 

jdl^A ^1 ^-A-^» 6CjaA.j-a <ajL a jaJI oLcIIaVIj .<eLcu 2)Aj _<-o£j 

^ j <cyanobacteria pld jjJI bj-diJI ^ :6l__pJI LUll 

6J-AJ <<!j2>JI ^jJI (JlLa jod^.1 2x3_I cell <aL1JI 1 Ja_^j t_j-lL~vU 

j-alciuj . J1A habitats J-> uIId ^jaJI jdlucdUJaJI 

^ocJI d^dl < v 1 a x s ^jAoa-coJI <lLLJI <Jodl oLulill 6JCs 

oLu^l ^ 1 111 2)-^2>dJ pj dJI <Luu uxa <photosynthesis 

.^lllj 2x30^-11 jA_cuii ^lii 2>^ Cz <aj) xda II 

L^aaJI Jjl*_2a 2)-° ^lij2) 3j \ \\ ) Ji 2)^d <a!^.IJ <eLco <oa j 

^CAAA La-a t^jjLLA _coJI (3jj_ ao Jjl2 ^aj) xd 11 i_al\^aJIa <oasI_1JI 

_coJIa j) a A11 IJaa UU. dlLJI ^jas^Laca _cola <^JaJI L^J 

1 ^ U 2 joaO ^aJI <a jiAJI oLudjuLlI <aJoa1l 2 I 1 ^ jJaA \j 

2)i- 0 A <£LcoJI 2)ji -^1 CX 4 ^ A-J-dJJ iiLd_co^fl ^-1^- 

Ji\c ^AjodJI cA_4 tbfc c_l 11 aI 2)_a *1 !j 2>JI I_>j ^ 11 

JjljJslJ dlkJl J ^ J AA L.A.m ^ JaA-coA didj .(jo-a_coJI 

cUc 2)-a VjA 2)da.^ j| ^JjlUI J-oAA V pLaj)j-V\.a ^-le 
^C—told Jjca <<ojlS_IJ <-a^2Lo ^oi I od-dil ^J| Jjl^-ll ^Ja^AcA 
2xJjil ^Lxto^b ^cIaa 2)1 2)^f < (r) DNA bjJI JCdij 
. ^jo-a_coJI duC<1 2>^ jjLcdl ionizing radiation 

ole I_co oIaaa^ ^1 ol jiU J-aad <Jj \ \\ \ oV^I_co 2)1 ja£ 
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_ Lg-Uf. 4 _l1] _ 

AJOAdJtl 4_i^JLaJI II CiIxLai 

.4xL-u £jj1 (j j oIxUjI jVI ^^Jx 3LiaJI jxlu ,j 

SjjjLLa LaMa da^a <LajdLa oLxLuj (r llaLua ^LajJI 4a<-u_uj 4xLu ^J^la 
jx olxu^jjJI ^Qjl 4m,i oLu^. j\S.a.~u < dadaTJ) ^lx j . ^ > i ^ 11 ^ 

1 < <Vn Jdj . 1 ^ In n*i jl iLL^.jJjjjJI oL- iIaxJI ^ jji ^ 3—411^ ol—5jl 

.OlxL-oJI <>ddj Cadl^a ^L-ujI uajlaual Lo I j| 4 * ^ ^ dlaMSdiia 



-£UdJI 

4 i 11 LMdJI j*3 kjAAJ 
(t Ul^ll 1 3 j- s Sl^j ^j-aa xi\ 
&Iq.\\a ^1 IjLVkxil j^jJI ^g-ijAj 

2 * (U lf^ a jiA l l< d 4 "vj l 


- cJiUI 

3 \ 11 4X1 < <« I1 O l‘ t|,v ^^£_j 

jadJI £ Ja£ oJUJ 4.\\Vti 
SluaJI ojIjjJj JLVWV 4.Vii^."J 
&jj& ^ JadJ .4.144 i.l) StU ^Lul 
dljjl ^Jx jxlxxu La SjLJj^fl 
dalaj)HI piaXA Cjjxa uaaxxi 
. jSLdl ^Lu^JI 4_uiUI 

_ X^JI 

jl 4.\ ix.0 4_da_L^-d 4xL_u ^aLuL-aa 
La£ <Sjalj 4 _lLaX j^a jaSI In uA'i 
j<u-tJI CilAajaJ jlaSJI ^LijJ 
4ai&jJI OlaSjXlj (j^SjJSJI) 
.^jJI LA^JMblj La^aaK 


- jAjLjSLjjJI 

<iMl olxL-oJI jLSLaLa 
<L^1aj Laa£ jjl^AA jl 4414^,1 
(^jJI <Uxa ((jdjAxdyj g-iTiS 
InuA jjuLj jSaaJI SjX Ajjia 
aaSJJ jx jJ^IU (j^SjJUl) jSdoJI 
.JjLuJU J,^VU,lj 


- 4^1 

4xlxxi oln% ^v4Wi 
jl^a jxiUlal ^ 4 _aKJI 

Jio 

.(^axlsJI jAjJI InX<A JjJJU 


a-IjVI JIaXj cr ur>.4a AS 
CiISlaIs 4xLloJ| dLaa J^lxJ 
^J| <1^1,1 Ai ill I ^_U_aaJI 

CaSjJI ^ 4 -iaAj Ollaj^A. 

.^jaJI j* “t^Lidl” 


Jjl\JI I _^J-O <jlL^. ^_£ I _ 

_calJlj ^jxjLj^-aaJIj ^/jLaKJIj 

^jl LaJ I_Ajl*_A CjL) J£j -<SJ _ 

3 JaLcxU la a i 4_)jJ_kJI CdLci_cull 6J-^ 

J-t-aJ fj) (J^ — <4il ^ 10 ^ —1| 

L>° o^fUJI ^ ^ 50 ^Jl 

.4_aJjLa-A g-j-iAj ^_S Cjt-AAaJI 

JJX da. 1 < Lu^dj dl_Id ^-o (J-aIjjJLj 

J-oIa-A jjJ —C J^l- ujlL ^I-olxJI (j—a 

ijjjji_ uj 5ajLcjjJI CjLxIaj^I A _*dj£ 

ejILa <dd_<-aJI Id_A ^£j _ lxJI 

CiL-uljd <jJUs] < ( j3Ju-iJLa[ .A> <dJ jjl> 

[dl jil JJl— oj>> As-ola. ^_£ Lie 

J-aaJ LT^" ^J ^ ' I cJ-° ^lj^-1 

.^UajJjjLjJI 4x1 call CildLAa CjI j da 

d-x-aj *L£| ^_£ < < c jjl_ddlaaV d£j 

(jlj—lsJI 4^jaJ ^-ajjJI dJjJ _ujJI 

<4aI ddl _ aj Jjlill dit ^j| < La_ uj 

(Jald —ujjlII ^ 4ajJi_ua d—aj I—^_a|j 

the running wheels SjlJd—II Ci^Ldajdl 

d-uajjl Id_A llsid d£j . I_fl-uaUd! ^ _£ 

4, n a \ 11 Ladj>^ a ( j-° ^ 

.4ajLajjJI daLcldaVlj _uj^fl 4 jl1oX 

<s* ^ ddjLl^VI 4J—uxLu 

d^a j LS 1^ liUd <2005 ^Lc Sciewce 4_lall 
4 xLuaJI a ^_a J-uaaj tdaVdaj ^j-U 4£^lx 
iLajMHIj obesity 4dlddJI jJ^ULa ^j-dia j 
j t metabolic syndrome (Vi 4,uMSluaiV) 
(r) «u^^J^jJdill oldjd<.rJI 4xjAa a 

4-»l_ua^U <Lua^X dljd^fl J^-aj ^_ill 

J[^-uajllj .^j^xiill <^ldj ujJdJI ^j-alj-cLj 
da V 4-u^lllujV 1 iod^UU xia xlu ^Jl 

(j-° (J2VI l5 -1x I—jMj *jII ^Lxa ^jl —o 

^£ JsijAa ^_lAd j^lj^ :4 jljVI idaVI_aJI 

^IdJjlj <(jA—^J(J-1I V \ll <1 —ILaIa 

^j^LaUlj <jAdJI ^Aaj^iLUl jAja aV>I 1 4ju_all 

^^laj^aJI^ dAdil _uAaJjill dliLa^luxl 


The Body’s Many Cellular Clocks (*) 
.^yjaLcuVI jjLill :jl (^) 
physiological abnormalities (Y) 
.4SSljj» :j1 (r) 
the suprachiasmatic nucleus (i) 
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^Gj ^jJI cjI c.IajVI ^ IaI^.1 j_a jjSjKJI cjLjj <_<jlc ^a ^LGjlj <^.jJI ^a ^ljLual^.1 HDL jl <4 aIj^J1 ^JLjlII ^ .o a. xTill 

L&jjAjj j\ Anil <^j^. JulvII L^_jA jJjJ ^jJI CjLjj^l ^A SjLc ^A ^\'\X II j\ jj^jKJI CiLj'i a ill ^Ijjjlj <^.jJI J 2 JL. 


^IajVI ^ ^_cuJ JjlCII icl_ lju ^1 ^1a l j .jJl ^ 

<4_!^ jajjJI Jljla <jlSUUlLJI L&JjJ^. ^A jj!$jJK CJLjl a n^ 
lAjUGjJI J_Sjj 4 aILlIJ l_sI£j Cj _sli jSjuoa Jjjxj <j_o_t-4jA 


a. < .«^ 11 ^L_uj ^LdU £j-o2a.aiI 

^j-a Jjxll <4 JjI_Ao L> i 1 /^ 4_ojiajLO ^Jj 4^U. <Loj ,jl ^A jj_C *2j 

^-ujLuj^I .^IjlLJI JjluJ 4 jL^g_ujI jJIjJI j2kjJI jj!£jK 


. (^ 1 n 11 4^Jl_3l_o ^A 4 K ui^ JJ^J I &jLl,I ) 

CjIaIajVI jljG jaLaji&Vl ^yA <LgjIa 4^.J-O (J_OJl 11 I jjJi jlj| J 

4AjLcu CjI_ljjIjJ Oj-$-L>IJ . (__cuVI 4 jl1oA ^A 4jjLojjJI 

Jjjjla A — CiLjliil ^.UsiJ J}AJ Jullla ^_1a JJJj^.1 

j internal clocks 3-iii|jJ| ja^jlxlcu yu LojIj LGaLG 


LL^U' 


^jJI insulin jdju.aj^l j-A ^ Jjj-<-ail 

^ Sjj^jil beta cells L-Lu &jj_G 

<LoIjlL jl_ <_ojVI JjlG La IjU .(jxil_ aj^jjJI 

jlj^l lAj^J c£>?^ oA^I 

jojI^ JoA 6jjJJ ^JjJ <(J^JJ-ca221 jjajJb 

JJjia <jA dlljj <j£ _uJI CiLjJ_ ujlo £^IajjV 

4jIjjL^Jj jj^jKJI ^ja ( j^Lklll OlA^3_Uj| 

q Aii\llj JjlsJIj Cj^ II 

<SJ —^ ' 3^- < -‘ J —^ IfcA—^-1 4_S_jl A_OJ 

j a^ kc J <^jjj I » .T .J> ^ <1 AjlSjLq .B> 

^ 3fji ^ - <3 j3j> j-o - Jj-^I 

CjjJJ 4jt-oi ^ t aLljjV 1 jl a , ^ a 

<£.LcuJI j(jJ ^' K" ^IjuuI (£j l—^I^JI <l<-aL-u (^ 


^Luxi Jijj^ri 0 ! 
oLtLLi’iU As. yuu 

(jl 4jL(Jj 

L \±s I j 11>‘\ 6^1 
(j^i t S < n"i oj^li.al 

■ J iilt »it,I 


: j_ j^I ^_^1 - the solar day 0) L5 — uiauaJI 

<-ulcJ ~ <_U^Laj_(_ul 

^ \C . dll j ^-C j <<_)^Jt-o - 4_iJJt_o Cj Li I^ 

_»■ 'l\\ \ \ CiLijllLI jxllaj (_5-^ 

<A is~i jJlC ^J^.1 CjL 5Ij) 1AI) Aj£. 6 jLc 
4_iJ jljLII ^lll (j-c J^u-uaII J^k.1 

<^xj ^j_o^ .4 uj ill ^L-^LijJI 4_<_ujLo-c ^ ,v^-^ 

^julojLII ^S 4_>j)3t a^> ^>.LJ1 J_JAS 

<_i v^Ii di -&S& jlj .4_ ^jojJIj (_U_caJI jy_i 


^Ju-uLj^ i ill 4 aLJI ^j| ^Jl \ is~i 1 ^>.J i ill <jl^.jJjjuJ1 

Jj Jj^JI Aj^xjuSs ^ jJl j^juu JJ Li jjlxjjlo ^-ic- ^ ^ ^ jjJ CjI J 

^uLjijuJI 4 AjlUjj L^jli \jjju£s (J.~s.l i 1 ^ 11-1 *~i (jlj <<jjuulLJ1 

^MaLcuI l- jljlsu-^l J-Aj t^j^Anll ^1 Jj 4_iL-^VI ^Jl ^ a A S ij 
(jjii jl <(j^Jj_(_aJVI (j-° J Until ^J-u^Jl 4 jlS J-lj-i V 

1Uj Q1 a <j j \.call ^>11 6 jLijJl Laic. <4_i jjGJI ^ ^ 1C 

.jajJl LojIcj L^UJI ^jLk. 

2_ju_oj 4_<_uljJ_i 6JJ^ La^Jj_^_i <^jxiLi> j <l.4i < NjLa> J^jLcuIj 
CjIjaIs J — a^Ji cjlj^ (j-& dj —k.Lo <(Jaj- ljjlc ^ - ojLj^Aj 

jjaII (J^Jj-oojVI jl JAa ^jl Uk^^Ls .4jjLajjJI L^jIcLcu JJ Li i 

. I J-iJ_Ju L-^LaLjI (jAA ^j 1 JJ j i4^*il 4-iL^Ji_<_ul 

^jxiljj^ i ill ^A 4 aI _call L^jA CJJLsJl Djlj IjJjJi_<-ul Lo^_j|j 

J^J^il ^A _tjJI ^lj-» d)ljlAll CUJu-^lA <JaAS 

.(jaJ j_<_aj y I jlj-sl lj JL ^ LuaUr^l CJJ-ilj < L^jLl^. 


^Jl JJJI (Y) ^A.\jLai\ S^UaJI jl jte .Jl 

4 ^ 4 il^.1 jJl 4c.l_cull -U-ij-i ^jJI 

^A 4->j^*i 11 6JJ^ JJ-o^-cul JAA 

<JlA-^ 4jjLcjjJ 1 JjLclAiVI 4_ ljjIjJ ^_jj 

ybytkj ^Lij (JJlA^j 4AJ ^_1c I 4jULij^. 

cj *^^ \t nl^g OlxLcu 

1 4jijLcjjJ 1 CiLclLiVI d)l cm^LlU j^G ^jl Lo 

4 >L ^ 1 1 4A l l xjJ 1 ^j J j_UjJj 1 JJ J 4 ^ t "v ,_ j^Aju_uV1 4_lLoC. L» \ « 

4jlLoA ^A 4jlo_A^I (J-ILi IjjJ ^JjJ ^Jlj < JjlsJI ^A 6 Jj _^-J-ll 

<JGJjlcu .F-.K> J <LloV .K> ^JJ <2008 ^.Ic . ( j^Iaju_u'2I 

<dll j i i^. 4 i ikill Jjl_Jji-A 4 jlK a^ x ir>^ <<(j ^j_jjI j .Ch> j 


J_i-OJLi 4 j cuLcul 4-Laj A A JJ (jl 6J-A _ Lu ^ J 

(jji^i i (jI ^all (j>^ jl :4A_1 jGJJ ^ x << i 11 ^A 


U u 
jjlcl 


4Aj1sjj 


CLOCKS AND METABOLISM (*) 
■ (^jur> *T«II 4 Li_«_uliJL> c l_Lo^ I (jl^jJ 6j^ (i) 

c/oc/r mutant mice (Y) 
circadian (r) 
promoting (i) 


(jA^» L^jA (^-*-ll JLoAJu-uLi UJjUjJI 4Cj-o^_c 

d)l jSjjj) .iaAA Jjfvll Li^iLk. ^A 4 jjLojjJI 4_cl_coil ^_<_oLcu| 

( Ijl^Ji jaljjj MjJ L>niVi Lc jj^I <^jL_ojiU lA^Lk. (-Uxtin 1 

4AjjlaJ I 6J^.jJ I (j-° 4 _LiAjJ I j ^jlJ I 6jJ J {j I J^£- 

^A 4aLcu Xi (jlj i^ 11 6JJ^ OjIS < j-Aj^s. 11 ^j-qA I . 4-^-iLt.u-Q 

J4.-A.jij .^Jj^.^1 j\ A u 11 ^ A^lj-c ^A 4 i» i iLi CjIaLcuJJ < JjfLll 

LcJIa) ^jl—$jj| L^cj: CjIajI ^A <L)Ij—^J l cjl 

^A I 5JJ LLlLc CjLijj 42 jlc. 1 JA < ^ MjlLs ^ JI JjlI I 

d)V jJ^k (J^UlaGI jJij <hypoglycemia ^jJI j5u-u oL^L-^ 

Lc (JjAju-uj jaJ I j| (JjIaJ ^jj-iGaC ^A (j^^ljtjVLi IJjj JJ J^LcjJI 

. 4jIUJ1 4jL^.L^. jj-oJ 3 j^jKJI ^yA ^-j5Li 
u-^La4gV1 ^ c_jj— cJI d)1 cs>=^ °^=*b 
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3^ aA 1 A A S I 4jL^ jJjJLjJ I 2d_ coll J-OJldj 


<2x>Ad-lLa . 4 jljHjG_cu 1 Ci LilaC ddC ^a dlld-A 2>^C4JH3 <^-a^_cdll 
4 -LlUj <<jalUJl ^ J jIjulla J_o£. J-OJLJ l^d I ^Jl 4_aLcAl 

jjld ( ^ 4 - a -leptin (jQjllI L^Jddl ^Jv^j ^is~> 1 j—<-Ac 

3 aAc.1 (J-oc CiLJljLa _a Ci Ij^did 6^ Cild^-ajjfc ^d_II ^-a 

<U -“jZ—^ G > 2^1 t 'r i ±>* ^ lj —'b *f— ca r^ L5^ (SJ^ 
Laifcjj^LajJ ^ Lu IaL-oIj 4_*_aL^ < jJI^JL^-cuJLLa •G> J 

id tAA^r.llj iUl^jJI L^LkJI ^_a 4 _ojlLcu icLeu 1 ^ a^ add Idljda 

^Jl Ci£ 2 >d da cl dlj-^JI 3 I Ijj <fat cells (adipocytes) 

.jL^jJI 6 jl 1*11 ^dldlJI Lg_Lc Jal oj! 4 jIjjJI 

l_Ajl t I j_L*d 4jdJfcdJI Cilljj^JI CijL-^ 3 I dll J ^lc 

j\ 1Vu j^LojJI 6jj £ eiljj <1 Ll*_o / 4 ^LaliiJI” caj-ll ^ a 

^ j-i-*d_ll IJ—A (jl jduuj . ^—ildall <Ji*.d-!lj 3d—*11 C—-iajd 
<£.L_u ^Jl ^laj ^dJI oIjIj) \^.1L> <Lt-£sLk ^dl c*JI d^LJI 
jl 4 ju_uIjj < \\ \ll L^dlcLcu CUL*_lj ^1 ^jljldl 3 ^ <4juu&d Li^LA 
. 4_*j_<_u iGlcl cjlclL»L Jlal~Ci cu^^j Lo <_>jjlvII 

L^-ULoJ 1 cldl J) \^k 11 jJudljLi (JjlOJlII <c_al_CdfT2l Ijjfc J 

LaL^LL ^_a cLc.1_<_uJI c^Lc _a l^djj dLidjIj 4_ulda-ll 

^ll JJt-11 ^Jd.jJl CjJLaJJ ^jl Cj-$Ja I 4a_iLcu cLculjd £_o <4jd_AdJI 

3j-dJ ^_co^JI <jJL*_a dlljdj ^_a Id1^ 3*1 I j 2x9^“* da 

et^j-aa <2009 ^Lc ^_aa . 4 jlg JjLaju-aJj <^J^_ju_oj (^jJI J_^jJI 
LjlAjj^ £_o dll S\ Clul^ IjlIc CjLcuIjJ 5jJlLa] <J^jl D> 

<J-COJ ^JLc ^ I dc djda£.| I^I^jlS ^j| [dj^-<-^J 

L^jl 9 J b ^ Ij-^ 2 ^ u-° “[^IdJI” eda^JI ^ 

<-oilaJI CjLcL-u ^_a <G)j <^l jJlII Ct JniC 1 djtal J) ^ J ^ ^ I 

6j-oj-<_»jlo Ci-lt djjJI djJ-^-ll 6J-A d)l l^^jlj -l 3 —2-2 

<JjljJiJ| Cil J ^jll 2)^ ^gl 1 ^1 I <jl CUJ 2)^ C.^J I 

. £/Jl£.j a y 11 tLK a ^jJjJI LLUIJ ^Cilj-s-cuJI^ 
dUj-<-<j a ^ ^_a <loC <1 d->l-i -S> 1 Ijl vJ^kj 

^_a <j^jj-o^fl LujjAjJI^ ^_a <Ll^.jJjjuJI oLJ jdU 

^JLslII ^IdiJI (Jd.jJI j A^>a (jl Ij^lalj <^llllJI 6J-A <-<-^ljki 

ccajll c-ljLil cjLc.Lc<j i^ILa ^^1^ dl^A^I 

J[j) ts~i ^k (Jl 9^ ^<LollaJI Ci.aj j-^j) ^ I dill I^JjIjlLI ^JUUlLJI 

\ad)jd 2h° <5 -u^IaL_uVI t-JlllajJI ^_a Jlidlj 4dljjJI 
CiIdljj-^Jl 6d^J d)l j-°^l ^—2ljj .^jlj^JI Jd.jJI L5 -a 

oldxJI ciKl ^^lll dlLo <jlaIu _<_ul profiles 

7Q^.->k.wd\ 'dcCCd\ 

MULTIPLE ROLES (*) 

(9 

. HDAC3 :1jL-dClj fhistone deacetylase 3 (r) 
hepatic steatosis (r) 


Jjl\JI^ <<JUL*_a C^fU L^_j| • Id- 2 ^ ^alllk.^ LdlUaj I_^1 

d^l .6dLt-ajLc < v^kjJj-ij^-a C)1 \1^C- .U \ \ ^jAl i^yj I_ ijL \ \ 11J 

<_o^l^gll ^1)-^ ^^lLoLc <_o^ g_a L^cJ Ji\c CiLcLcaJI 6d-A 
homeostasis lala^.II iaj_i l^jLJLa jj 

Cill^ 11 2)-° 1 \ \ a< i\ Sj-aju-<jui cjL ij)!j-tJLo ^_al^dI ^I t ^ ^ 11 
.<jl^jLLJI <\ \ \ 11 ^£_a SjjJtlll Jlj-^^l <^^.1 j-o ^_a 5 ji cuLcu^fl 

4jjL^jII ^£.1_call _^_OJ < ^Lila J 3LJ I j^JaJLO OJ 

C>^' d^2Ls <jlLu_u j_o <2j_a jlLa L^d I ^_lc <ju_ujljjJI 
4id-i <Idl^ jLc — <LCju_u jll Ci^l ^J-A — 6d-id£. < iL> i^k ^ ^_<_aJ 

( 4 '1 \ \ 11 ^11 4 \ a n \ lljJ ^11 4ju_adJLi Ij&L V^l ( 1 ^ 1 \ i LaJLa 

■ LillLoI <LajlV\ll ^lj| jdiu I J 


(*)X 


SddJLld j| Jdl 

^, \ a < i i ^_a 4_c L_J I 1 La-olj I 4 & ^ 1,1 CiLa_ 


^dlll 


o°J 


. ^_ju_ajJI dlld d J-2^.1 j 4jlLoC I ^_a ^j| ^-jlLuu-uj 

4X.I a n a .Ci LilaC 6> 1C. U \ < A" | 4_C.Loj ^_jlUjl _cud <Jjt_aJLij 

^IddV 4-aj^Lll dlil_\ i ^k 11 d)Ki_<-u J-al^ 1> i a Ad )LlQ J_i^JI 

<jljV .M> JJd <2011 ji.lc j <dld^ .4_i^Lad_<-ulj jjl^ll 

JC^cd JjlCJI 4-cl_cu ^j| ^1^- [LdlaJ_cAAJLi 4_3»_aL^. 2)-°] 

. dJL\JI L^Lk ^a ^1 jdd ^dll 2x>^dJI jlda-c 1 a A 0 

^cdJ <cl—<-u 2g-ak (jl ^jiLojj <jl jV> j^a < JLllI Id-A 

^ ** 

j-JjVI ^1 dlajJI ^ ^-zedj clajl J>o^ J-ojLi^eN-exba 

^ci^dVI Id-Aj .DNA —JjJI 2)^ ddj^-jll 4 i\ i^k II 

— ! Y) 3 j.daiUlUd 4_a_culj — 4_JI jLcVjlII cJdfd call 

IddJI 2h° 4juL*_a strands ^pld^J ^ a A ad ^dJI 4 da* 11 ^_a jdjj 

L^Jt-o jdAJLi ^.Jd ^gl| 4_t^l^d_o CjUia —jj 

4jju L^ld ^g-a .^dJI 4-ulj(jJI cLajlxil (JLoJLj _cu I 

. 4jl^.jJjJlJ I 1^—i 1 X 1 2 Q ^ 

<_^^ 2)1 ^d-oc ^_>jaj cud) 4idjua. 4c.,\A (JLojuccuLij 

<HDAC3 ^fl>d)fl la I_ aIu 6jjdJ 33^ (J^ <Rev-exba 2/_^Jl 

<dd£j| -aud _i u_ajJtd 4 \ AAj-g 4lUcJ hL^y\ ^ _1| (^dj- 1 

L_adllaj 2h° 31 3J— decLU 2^d jaj • ^^"nd^dJl dl—dSJI 
4juLAdJI Ci Hj 3?JI ^Lidl ^_a ^.dd ^dJ I cln^kll 3^111 HD AC 3 
JLoAJlcu) ^gll LfLikL^j 3 ) 3 ^^ la Lead Ci.aj (^l) iLJ 

^a 4-cl_coll 2A^ daa ^_j_j _cudjij . ^4alLJI ^JL^dJI 

iljj_cull CilA^ll Jg^ki j_> Id-Aj <HDAC3 ^^^1 jlda_o 

the ^LiidVI ^ ^LaJI cavil ^ 3>^^l 3^J^ 3^ 

0 Lu-ujdj cLo^ljd Id-A Jal_ aIuJI L^a 2>^ ^>Aj .on position 

4_LlLjj JlaJld ijjjJccu ^Csj < JjlCII L^Lk ^_a 4_ij_cu jJlC 4jlo^-uj 
. ^j*N auII ^-Idj iildjll 4_L^.LcASua ddlc. ^dGj < JjlLII 


49 


(2015) 6/5 f^ii\ 





















































Jllajallat 

ai€ i> am 


8/7 (jbA*JI 31 jJLaJLI 
2015 ,/jaIjj 




<LljCJI jA ijA J A JJ 1 a i< 

^aa^-lo ^£- \a\ g>~^\\ ja2i\ ^£- Ajajjla '. 'ts^a^A\ 


<isJjM K > 


I^IslAJ A K L tlA LJ J^jjjLA IjJfcj <<ijJLtl CjI ^_LJJ. 1I ^_3 J-*P)JLi 

g-L.A4.1 La jl i Lj^Islj ^Vl J ±sA \a Ijla j ^.1 j JS 

^ ^1 ll^jl jj& JjjL 6 ^ *1 j —<-u - cyberspace ^JVI 

LajLs — lUl£j_ lL oKj Jo ^ I <Jj) 11 [,\ \ \ t_u I j ^ J_j^La 

oLojisJIj oKuvJU .vulnerable jhA II jJLa Uja^ 
IjU-Ql^ CjL*I_l n^w 11 J < \ \ a Till ^__i_A. — 

<Laj^aJ| ^jnjAiilJJA.J CIUjIjVI ^-Aj^-I <J-ljjLljjI JjlJ-A 

^ A Mill dLj-J-uL^. UjLsJl jl dl^J_LJJ <*S \ tll<l . J J _LJJ J-^. 

— ^j^j^Jsl 3 _jLljjjJ ^-S I 61 JI <J-ljjj \ *.Al (J I 

<j| US .<i_IjjJI ^II 1 I _LaL*JI ciaj^IjVI (j-u-i_i_ul j)^ 

jV-Ldl ^lEJLjlS <1 S^IiaJsl e-U_ ljj I jj^JI ^1 JaaJi _LJJ I (j-° 

<botnet (i) Cii^jJ| 35L ujj ^ lg \*y jl ^llJI ^H 

I <<j 3 jjl^-a L_-U-LJJ ISj^^.1 jV J A~ <JUUUA* <^-J-LJJ J 

cjLo^_a ^j-liJ icL_JL> j^CG_ ljjj <zombie devices (0) ^ xajj 

JjLxij JLljjjI j\ denial-of-service d-ajciJI l.u.v^ 

.spams (^Luxj) 

A \X 1 lloll JjlsJI 6Jj ^jli <ol J 0^11 Jli 5_iLiJi_ ljj 1J 

Jjft L^jJlC ^ _ 2 ^ I 6J^lU CjI _ s^J-ll ^-2 ^ Ij_ ljj CjI _oJ)^ ^ 11 

^JaLaLsJ.) A _ !jjjiiWI <?\ l^^II 6 j!$_ljjlC. 

CjVI£!jJIj <-ij!$jJsl <1_iLal^ijjJuJI ji.) J^Ji_ ljjL) ^-o^jJI jaJLsJI 

J . Li^LLal j7T -\\ 1 ^j| 1 V ^ ^ \ II I j_A Jjlo J _ C<JL ^^ 

HOW TO SURVIVE CYBERWAR (*) 
^ \ 0 ( 7i \ 1 1 d i r\ tlaii.) <_lLoI SjJlj :«c_JaJI (—L»yj)) jjlujLa — Heartbleed (^) 

SSL cS^jSS* JL>dl (JjsjLL-uj j jjlS tiilJI oI jjl ( £jhA JjjjLj jJfc j <0penSSL 

. («LlaVI (J-LAJa jjJI ji^.Lo <1 jlL) 
cryptographic software library (Y) 
distributed immune system (r) 
L^tjl^.1 (j-® 4. c\-\ i A 11 ii) Cij-J^J-ll botnet (i) 

«LaJ£ (jji <Sj «tift 6 j-A Cuj^jJI <-L ft -t- u jj . O^J ^j-a —(_uj 1-^-la (J^ Cujljyt ^jC. 

j3_<-^La o jjJI Sy^Vl ^1 o—p. Joj-px>JI ^ (J\ “Robot Network” 

iO^JJjJI -til (_J-1I jl^-pll A. A\ \ (jl Jjp_cjj .Cj^JJjJI Sj^p.1 (Jaa LoLoj < Ujl U-S. I 

.tdJjj jJLjjLl) (jl (j_jJ jl^pJI i_‘L-s.L^a (_j-l£- (jn < ApjJI ^_iLlLujj yLujLo Cj^aII (jl-S 

J i A\ c, t_j jj& ^jjjjj :, j j —txiLzdl ^jlc “zombie devices” ^^pjj Sy^p. I (o) 


/] pp_uUJI (J^JJJ^ f 


^ u 


jl yS e\s <<a_i_£sI^aII yp (jA <j|yL^.I p Cijyij' 


J^L 


^LT^" c 2x>!- 0 I-*-!I 

Cxj-^^JLJ CjLoI=lJlO — Cj1a^\U JjLc ^ J-%.<j| (J^_aJI ^J| 

6J^_> l^J C V _Ca. IJ <^_J^J <L^julj jl Ll^.^ 

CIjJULJ Jjl_LJJjJ <JLJJj^JI J -cjVI ^UtlTW^I 

J-Zjjyjz _LJJ JAS -V-^L ^Jl < ^Ull 6JJ& ^jl 

oliLuJIj ^jLaIjVI oI _alLaj ^_a «L^jjll oLo jJjlII eiijjlj^fl 

:ol^jpiJI 1 ^ \ a 6^-) AC. Cl) ISjaaj T^)- 0 ^jjjLjlII (^jrCJ^Ll ^l, 1 a^> j nil 

lJ_lIu^Ij .JPMorgan Chase j Home Depot j Target 

flaws d \ < dLuI Lj^jlC cjLlajJjlII Jl a ^_a ^jj)^°l 

( > A il C\ j LjJ 1 ^ja ljaj La JjLa CAjjIjVI ^Iju j-l-^Ijl£. 

(Y) ji4 umII CjLl^js3-iTi^ ^s Heartbleed vulnerability 
jUvdl ^-^-»lj cjI^Lu jjlaJj ^(jl LaS .<jul*_ljjJI OpenSSL 
<1jjJI ja/^c. ^Jl Sony Pictures Entertainment j_Jl!l jJ 
j^V cjLiLj ^Jl Jj^jJI c^a uJj^' o>°L^liJIj 
y^lll! <IXajJI Anthem iSj—dill Lx^j uJ 80 ^ 

. L^_> 1 \ A Ic. Cjjl Jj^-a VI C) And 6J-A J . ^ L^ill 

_jluVi\L> _ 

^ Lcjj— cii J& 1 iLuJj2i5JVI QLa^JI ^J-Ljaj lJj—ljj 
CjI^j-ljJI _lala JjP_a (JJJJlI I jjJ)J <4 _ojIa 1I oly^i_ ljJI 


. JJLJ (j -0 <_pja 1I jli=>| (_y^ jl £\JJ (j-a 'X. II ^.Lg-H JaSaLI 6jl 


iLIalII 




jjj J^i iiaii oLjfLnJlj ..All 


. qIa-n.. Jl a jib Jil La jib (ji-Jjyjjj <iLj jjaJI 

((. jlj- laVI )) jl oLIaaJI Jjp-a 11 (jjSjJLJL) La (j| 

3_lLsJl 1I <f.Lii_ lL^I <jLaj^J LJLa. (j_o^fLa 

.<_)jj-^X3l1I aLl^JI (^JlII oLLalJI (_£ I — oLlLaJlJI jJLljjJ 

g-lxA^II jpjj (Jl <jLalll oI^j-lLj CjLo(2)1^-aL ^jjj-iJ 

^2»Llj2l^ ^Uslj ^Ll^j—ljj clJ2ij . Uaalj ^ 

.(J-oJtJL ^LaJJ — c_jyj-oL^JI AJC-Llaloj ^.IUs 

<£-j—JaJLj Jj^Ia L ya^ —Cu J^i jjj jlj^yU (2 xj^ 

JVj^. (jp (^C-Laj^JI <jL_ojaJI ^.LLlj ^lCJ c Ll1c. ijfrJULi A _ujj^VI 

Axju &.AxVtll <ilk\ll JjLjlII 4_ljjjLa_a 
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<LJ_<_ail ji oLj-kr^JI L^jls +j*\ 2 )I ^J\a s 

^jIaLaJI ^iaAo3 .dilj-i ^LUI I 4 JI LjulIU jJj — <1 _JL*_L> 

jljAj <kjJ_o_o ^A J JkduA ^jlII o&db 

. d Lu-ojl^J I 6 JJajLa 4jl-vaj dlkj-uu JjlS 2h° 


c^WI *<- _<-olsJI 1^-jlo cL_ IGj ^aJI cj!_aLaJI 63_a j 

dl^A _ Jill dLLd £-AA <kj_ ujl2 . Lc jjZ J I J j£. <£.J_<_uA jl 

dlllA 2x>L_^ 2020 ^Lc JJI^a 4_M £_£jli Cisco Systems 

4a_loa dlli ^i La <dij>AAVI 4 ^a_lua J \ a 50 

j^-^VL 4_S^Lc l .-^J ^aJI 4_o12laVI^ .^ ^Vl 2)-^ ^j ^ 

ybyl^. *^_lu J^ I^Laj .2)I^aL1Ij ?Ajk_caxJlj 4 jl£-IjlcjsJI 

(J-ojL^-c p LAqIl I _Aj^jkJVI J c-A^IL 4 1 X^>J jXJLJ 

aA*-" CF® cjb Cu—dif <tJ jjijjUI 

^^.Lj .dlkA_dill 2>° 4kA_dj (^1 ^-3 > 4» c*kVl Jaj)jjJI 

^LLa |^jjL^. 1 t-jj qjL^JI j 2 2)j-2 <JLil Jaa <_u 

dLLo 2 ^^-^ I ^ju-u j Target 4kj-2aJI ^i <jj 11 ^aa 4a5L I 


2>£- 4aj 11 ja^-La 4k \ a Vi Jj-LgajJI 2h° I J) k a! ji 2)L-d‘VI 

Fazio Mechanical 3kj-ddl j-Aj J^_uul l_3j_a jljlkd 

1 $ Vbn ^jdl j j^juJ 1 &2>4^-1 4a lu^ 3kj lL ^aj ^Services 

2/.AlxuaJl jii i a i< 1 2)' Lk • -djAldlj 41 sjaJJ Target 5 £!j_lL 


<£!j-<_L qK \a7i jljIcJ 2h° 2011 jxlc IJ)V\-oj j2L^_j| I^£-jl 

Vjl Ij-cLi 2 )U I jaatw < Lockheed Martin 

jj2h (^tJI 2)_RSA _uuJI 5 ju-^^JL 

LI \f\&) cjLL^ _Lu Lockheed Martin 

2 ) I *_xJi-caJ ^IslLLI t$- cuAj dv jLAiS < RSA -dJ 1 

I i LL ^LLs <EM!C L^.ibj-cL ^_s LL^-c 

. jj_C jaL <j| <J I Ja <JLJ<JLaL iJ-C Excel 
Cj—(-uaJ (r) pL_uJ^| ClUjJLlI Sj (j 1 jl PL—lLI 2)1 


lLIj_A| 1^ .tnTt I J)' L i\ s 2)1 2)^ S* 

^Lc 2)-°^ —s Cxf^^i 2^ c_a—^ jL2Ll 

cjLoljlj L\ i A S2>^l j.*-! 2> c u 1 *2008 

THE VASTNESS OF CYBERSPACE (*) 
^ :Technology, Entertainment, Design a AAuaj <<L»ijj <4jUj J jl_ .^"^ 1 TED ()) 

SjjAsJI jldaYl J-tluj dlJjJLJ 1_SJ—gA (_r^^ oljdiyll <J-mim 

J_i£. < /ULLLJU^A »4 aYI ^aJj! <_u < julljuu^a )) L&lx.yij ^ JIalLI 6j id! I j 

. ((1 . M ' \Y | j'Mi m ^l<L<a | )) l_{b^L xjI-U 4 , ^sl --S. 4 \ -n. 

J^a. 1 jlJIj ^aIJI ^jj_i ^aJI j _aj <^JV1 f ^_L = cybernetics (Y) 

.ipJI ohSKJIj oVVI ^ ^S^WI 

((g- b i Vi YI)) ^ I 4_>aL1I (■ L—I 4^j—J u p h—«-L^fl cujdl ; Internet of Things (Y“) 

<rnl jLa 1 tn » > iV I 6 j^a) j CjL^^>21J CjI ujjJ^Jyi 4—i c\t Ai 11 

4 1 x^alXI jl (Ji-dll jl 4 *\ <^ll 4^j—tlJI £_a CjIbLijJI JjLu \ CiIajI^JI 

(_^l £ya jj—ajJI (jl (-uj^U £caHj L^aI gL»—(Ju^fl Cujlj| j-i-oj Laj -C^J—A.YI 

oi J l>° (JLa_LI < jl^i^) Sj^VI ^ ^5Ld JI ^_ikj —ljja (j^j—dJI jl 

. j^_*_a jL^A ^_a (J-ol 3»T11 Jyl'va jl^-« 4^.l_2iJI 



aii^xi 


Keren E\azar\ 

( jft'i\ cA^jJua ^-a p\ aC. ji^^\ j-ai\ 2V^_a 4 \\\\\ j_ lu\Iju% <^ j\ 

FovXuneS00 compares ja.^> AVv./^a isj^ ^3 4^^d\ cA nw.^^"ts^j\\ 
j^da A .2. jja JA\ AA^jua _I_u\^d\ 4\ t^-~,\ jd ^^LYE.D^ JAA aA _t a\ t a\ 

Ad 4_dVk (jo-ds tsjVddA ^a^ Ajj 2.4 fijjA 


ji ^ ^,\U I id 2)L < l^J ^jiajJLAA lLJaaj < i Iaa_u^j il jJ) 

Cj^L-Llo 4jlc.ua ^aj^aSJVI 2)-°^^ 4 K.cn.oq . IJa-uI Ja j. ^ 

4jlsI^-a 2)^^d^ 4 jloj) < \,^l 1I dJ^L^JI 51 f4_cLJI 4_ ^a^JI 

2)*N-4UA V <4_0^_A Ijlj-il L^i-O 4 aLjJIj 

^.LdJI LlLs l ^ \\x\ s 5| j\ _luIaI l_Lsj 2h° Lj^.j 

. ^ ijUa^A 2x>iLlj-tl j2cL lij LjlS I^IL^a 


Ol 


frLuaiJ) jJLLj ^LojI 

4aLj^. (JL-o _S 4_^j^.Ija (^2JI (£ J^ll J-^l 

aLcaSlSJI lui^j d^-lj (Jl_^5cd£. jA A'L 

ilcJSJLA A JdAALO 4_aLjl j\ cA \ ^_Lulj ^LolS _JJ^A^WI 

jJj-O ( J_A j^LlAAJ j_JJLJA ^.UslA 4_A | £jC. 4 A ^ <^a_3LJLA 1 ^ 1 

^Jl 2)_ 0 LI Ja^L <4_ijdjJI 6J_A dlljJ^fj .O_ijJI 

dl^cALjJI jL_Lul] <^>aa)J .N> 2x> 3 C LjAA J_3lS 4_» A.li J_o£. 

SjLsia_luL <jaa)j> ^L 1948 ^.Ic . [(M.I.T.) j_^-*2,1 _s 

^^ill <-L^a>j J^.1 2h° Cfrf^LjJI ^Lji 2h° (Y) cybernetics 4_oK 

(Y) ^l j^aJi fJ* jjfcj Vi 6 jjLa 2)L _II jAdcJI ^.aIxJI 

CjIaIj \^. II ^i J jlllJ ^JlJI)) 4 <-uljJ 4 aLa 4_Lcjsj (^4JI 

{J 1l. JjA^bemeles* 4..^LjJI LlKJI 6j_ a d— aLj .«oWI j 

2>iu-<jJI 4 j^.ja ^dJI 2 )LlaaJI jl 4 jllLl<jJI 4ij j->Ja ^jJI a Till 

^analogy JjLlLII li^j .L_ lujIII l> 2^aaV1 ^aJI ^ Sj^dl 

4a 1 ^_sa 2)1 la—^a cyberspace pl—uaill 2)L 

i(^JAALAA I ^ AA 4 I / A 4jLoij(J 4 jAJ^A^JI dl_ aLa ^yQ 4 fij a 

4aa_uLuVI 4-OlLaV I ijU (J-U!sI^aJIj 2^ dJL^A 

4 J_lcjlLlu 2>A lJJGa ^Jj^JVI A I i-A^lli .4Aj-CJiJLll SLJI _S 

2A^i 2>° Ia^a Jjlj 2)^ dV LcaV I j ^j^jlII dLld 2)^ 4_ok is*> 

^i 4£.jj2yil 4 a^-oj1I 2)Jj _ l - tJ dVI dl k ^.UaA j-cljVl dA 

^-Lc i jXI ^LLki JjIj^u ^1 VjA-gAj ^ c^jdl ^LoalI 

.GPS satellites ixuijVI Sj^JI 
f4_cLJI dLLuIl 2h° LLilc \l ^aji^ lkJVI rA , a o11 2)1 
2)-o 4X.jo-^o _d 4 aI .jjlsJI jl 4_JjjJI fcLiL ^ju _d 
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<j1 L£ Jj-ixtL^Jl 4 \ / ^>1 j O CjL^J 4_iLjA_0 4 _Jl11aJ I olS^LJI 

(t, (NSA) 3-iSjJ^yi ^jAJI I illsj Jlc ij <_u oLcLo^ 

La ^Lll iiilSUI cJJJlaII L_i_2oS (J-^.1 ^j-O (^\_i^Lll j_ojui_<_UJ 

.cLolsL^yi ^yC ^_lc Ajial.nll (j- 0 j2^L$-ll 

4_iuuaI SjAj ^xj_'vfl.l 4-t^LjAJ La .*7i L_ijl_L-<a <jl 

EjAa ^_i LLa jS-3 . j^j t til _<_u _<_u iiLuu ^_A 

CalJJi_<_aJI ^_i cLjjLayi Ca-aJ^L_cul JJ Ca^ I jl j . JjJLajl^JI 

^ >Z 

dS-3 jl CajA-lu Li Oj& La_ij djiLijJjL.p ^jLi <6j_)L^.yi ^jii 11 

(jl . OpenSSL jjlA _Julil ol ^ ^j_a 4 rS a J_ls ^j_o LajjlA_Juj 

4_a_^LuiVI ialLllI ^_A ^<JuaVI Jju^jiJI jL.Ua 4 _AjlL) SSLJI 

<jlcVI ( Uiljil ^_L. LaI^j ^1 «jA_aJI)) jj_<aj pI jj c iLj ^iJl 

l3 Axjj <Heartbleed j dnjLgJI jlL j_il.caLL_Li! 

(j-o I^S Jjl J_ jla jj^-La ^_2^aj_s LLlAJ 4^jlL ((^j_LJI 

^-oL^jlj J^.111 j OpenSSL jjlLuulLII cjL^.A j_a 4LaS-<a caL&^La 
capL^ llA L_ 0 J < (( v_1^11 cal_aj_iL)) Heartbeat o.\njLgJI 

LULJl 


j-a 


o 


LJI jLiu—cul uj*. 


CA^JI dlJj jloj jJ—cucJ ^ 

(jAJ jjuuj>y I ejLLi-Lo (LUllI jx^UlLoL ^ji c_j j-cuL^JI 4 \jA 
4 \S 1 . < >y o Ij Lit 1 j2k 1 J ^ \ . i 1 L ^ !• ! ^ 1 A <t^ I ^_S 1 

^j-'yjz ^-i U^Jj_(-aiVI ( ^LlJ CjlLi-Lil 6J^J CjLojlLlj ^-LlXj 

.<jLJLCua ^1 ^Jj-i JJ Ijifcj ^LcJ 

La j_a j j_-^_U < tLjjt-c ijlil <jlILl 1 I IjJI ^ji LL 

(jxijij-Lll ^j| U>\JLJ Lajic 2010 j^Lc ^L-ClLc 

^ j i'ii n I jJI ^)LajJI ^j£. Stuxnet ^ call 

jXjJLj|j(jjJI (_' ^ is~\ \ JjkJI 6^^. I £ cul J 


£C_JLjl_La ilj)^ ni) (j-a L^L^aLLll ^^jJl 

£yA I ^1 <^_caJI CJ1 ^ Kj U\-cJ^ji call £• Lo-cu 1^ _ Lj 

(<JuaVI ^jJI jLUa <LAjlU^ SSL<j1LL1I 6j-Sjj jJl2_Lul1J 
<JjlL OpenSSL j ^i <Tn 11 cj 1 \^ <julLa cLL> < 1 j5Lftj .^jj^. 

^^a^jJI LLlAJI i, § xVt^ ^ (jl Jjl 2 j_-^-U <ULj£. Uuaic 

<_i_uLj_j La_AJ^.I^ i)-^yi JU-C ^_i UUL.LJI L>_a A^i\^a 

^ [Google JSj—S l _ r ^VI jfjJI] <1 \q \a .N> 

jkLI <ju-Ljl> dJj jxjj <(ljllli La jLij Codenomicon 5^j-Lll 
<JjjLaq ^1 ^\oomber^NsfeeV <_L^o cj j_Sj 

^ jLi <_uj cjl ^ <-<jJ jjilL NSA illSjJI ^j| jj£.jl La j j^L 

. iLj^iSJy 1 <S \ a nil (jxu-aLlll ujjjlsJI 6La 

Li J aA^I jaJLsJI ^_i iijlLLlI (_^ja!I (j_ a JjJjlII jU 

^_lc j(jJL*JI J^l Cjljy^jJI Uu^Lo cL-jjIj e-i-Aljil iya 4-ijJ 

CjLojS^JIj . LAjLL _<_ulj — JjlLlIjL^JI 6j X \\ — <JLJUi| CaljJLJ 

_caJI bugs pLLl^I *\j .julU L-LjI 

j j£. LLlAj <<juuayi jjl jJlUI SjLLi .LLa^JI jcL-Ll! 
Vupen <Sj_Lll Jlo JULI I La J-^aj jjIS j-LJI ^ J^ljL 

La jIaj Exodus Intelligence 5Sj—LJI j <j uLjiJI Security 

4 \ I plkLVI a La £-^»j (LLiuSL < L’U I j _«_uj I 

iLlL yij-ol cLAjI CjL ijL-JI jAa i ^jL <2“^ljJI -4La-olll 

THE ROLE OF GOVERNMENT (*) 
Natanz (\) 

the U. S. National Oceanic and Atmospheric Administration (r) 
.<-uj)11 < S_t_Jlll :jl (V) 
the National Security Agency (t) 


^ u^J U 0) >»LL (5j—cu jIao 

^ w“ 11 ,")I jju ‘ aK gJ Jjjj J Lxj 6 j-£lJ <jl (JIaj _II 

(jl£ jl -3 .^1- <lL.j^ iilLaJ J_A < JjljIj _<_ulJ <bSjj-oyi 

iajLLI 4 jJlcJjj J daJU ^-oJjJI u a *ttlj^>JI JjS ^jlS-cL 

cjLok-A (■ l^)-^- ih° 4 _L jil 6 j-A jj ^ .analog <UiLl^ 1 1I 

<2014/12 ^_Jill .u>v^JI eJJj jUa jj_jj^. ^j^.1 

^jj-ojL-JI ii a^)I^A <ji oLa^L lII 2>°y ^^iLiyi jLlT 2I ^LiSil 

L(j-sJI j^Lc) L)jJ (JL^. Lua f <_a 1 x^a 11 £Juu&jz ^_3 ^LoLlJ I I j_lia£. 

eJJj Jjl^j .((< aL>W1 aj^J LlIL Ijj-Ls)) Lj_culc ^JLlII 

Sj 1 jV 1 SSjLu 2^Ij-c L>J>Lat-JJ-t-uL^. <1^1 ^2 ^La a7i 1 

^^1 (T) iiSj,j*yi (j j^JI lLMjlIIj qLKi^aJJ iLiL)jJI 

^IjJlLJI JL^a ^_i icjLLcail Jj|J-<-aJI 2>° CjLLljJI 

• <SJ^\ i->j)a-^JI oL^llJ tijjIjSil i>lLLL2lJ 
d)i ^ a a jj^-o —jjjjSjyi ih^yi (ji ^jLjlj Li i j—Aj 

JjSQJL <j) . ^cL^Uyi CjLajLuaj CjISjlJlJI j t —i \ A ill j-^JI I 

ILLjL) I jl) <L| secrets «jl jj-uVI)) ^^i^LtlLJI j^yoJ 
L>^ j-ASJI Facebook dj i ixoij Google 

^^.A ^jij^jiSJyi ^1_ lLaJI ^-S 4jl2jlLJI 4_SjJlLIj .(I_JjLlL.1 

jLl^JL .oLlLaJI ^yjuuu j 4mill (^lJI ^ pL_jjyi iiLou^. 

j-ojaj ^1 cjLIAiII j jjuajj 4 jJIS-oL Jill ^_A\^^ 11 

idyl 4_ilj-<-oJI i LuljLu_u pij_cu ^jj JS L^_ilc 
iLLj^SII LjISju-l ^_i dJjSj < 4 julLJI 6j^^.yi ^1 ATMs 

^j_o j^yi ^yu. LlAjI j_a cjISju-lj Lny L-pli jui j <_uj 

. LjLl^. CJI jl.nl 4_iLa^. 4_aUL 

jJJ 

^Li J*1\ JJaL La jlc 1 Q < aL Lcl j-^ 5 JJLajS^aJl 4 2 Ljj 

<6J^jlLI Cj LVjJI ^_i CjVISjJI Lh^ J-aJ^*JLi .jjlSJyI p l .L^lI 

4_)Lo^j j^l_ LLaI l^-ajJ ^jlLjJI _c^l Ajljj I-^-JlS I_o_i 

) ^_<aj .iLjjjSJyi oU^JI ^j_o uGlLI jil j 4 jljlLjJI cjISj _JuJI 

PLAjI (j_o JjlAjl—<_UJ l^LI (^5jj CSJ^-1 “U- 0 jS.^. Cj l^ j)Li <dl—1 j 
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( i Sj£.LuJJ o^ujL^JI jL 1 

^ <code j^SJI 2xj)* *Aj j . dull La 


dJ JI JjIS .5_u-oVI CjI^UlII _1^ ^■J'yQ ' (jAj_;suJI dJ_i-LLa 

^Jl ijL^jJI ^ lc 6J-iJ-JuJl _(_<jJI ollaj)» a A 

IgJ J^Ju-uU jaJ <LCj_cu_i _<-dl I J_& ^Jl 6j_id^. dJ L^Hlxu jJJI 

CjjLaJu_ul ^jl iol^JI ^jlol _ juj dal^j _ a_uJI . J_2La 

<1 £-<2L^-a I_^,ha i ^IlJI < a A aAH 4_ij_ uuljJI Jjljll 

Jjlc Lild^.1 Jfl A Vi ^£jJI <2014 jxlc. .jaJLsJI _cuLiJI 

All^JI JLo£.| <^j Jj) \ a a A> L^_S cl£ ^JlII d < nflj 

c_jj-cuL-Jl 5 ju-^I^j3 £-C\"\ ~y aj <212211 djldj a Vi I < NS A 

<-ojl 3 dlj Jj dji^j-LuJI djlla dlll^-S . L*_a J-osJI ^_ic. 

L5 _l£ olil^La^l <JL» LoJlS <JU-£S l^2i I J-O djLiill 

Jil(^ jJI (r) 3-u^VI Caljitill j <Lia-a^ jJI pUsl^VI 

dJ^l^dLaj <j2-C^fl Cil^iuJI ^j£. jJjl22 ^jJ) aj2 \ ijfr \**C\ A HA ^j\~\ Li 
d^l^LI Netscape <2j_dill d^jld 1995 ^lc ^ij .<uio1 

jijjlsJJ Jjlj _<_u^ ^ ^ a^jJl I_LA-!! Si_sl^-c ^_al2^j Jjl 

_u_ij <2)VIj .Netscape <Aunit ^c_L^lo Ai^o^Jl c-LU-AVl 

2d-dj dLb 2)1 ol^-WI cj^-tl <<2—t_u 20 

^jJI jjl3j 2 Jl ^-a <jJL*_a oUlj^.^1 2) ° 

Mozilla j tiJI j Netscape j <v>ll dJj l$,LWi 

JjLulI _cu^fl 6j-A c--2^^! (r) >2>^ (JL^-° 

7A ^ ^-cCC^\ 

.l^luui\ 3j%U u^e WHACKERS CAN HELP (*) 
the Financial Services Information Sharing and Analysis Center p) 
bug bounties and vulnerability reward programs (Y) 

:j1 (r) 


^jJI (3j-^ CjU^JI j—>^Ujj CjL^jI ^_1c 

6jl2x>^ Jl— ^X\ ^ ^lijJI cjL^jI ^—lc 1 ^-jlaAjI 

cjI jjljJI JL^-o 2/2-^. Id I 2^ LdjJL^ j^LajJI 

CjL^jI < Jjl^ LoS <2^Aaj NSA <JI^jJI 2)1 2>^ ^ <<jljloVI 
Lo-C Sj-ll ^-Su-OlJJ 2J^?d^ (J — 3 f'jy Q 'll 
.I g-l xAall 2>^ ^lidl 4^n 

cjUj 5L-JI 2)1 Jj-dl <l» jV 2)^1 ^1-° ^ j 
2)Uj .^^JijJi^JVI 2>°^-l L^2l ^1 4 -oj^ r> CjLa^5L~v 

NSA <Jl£!jJI Jjlc j^j jj oLlLL^. 2)^ c)^_‘-d^ l>° 

<jVI CjLg j-lxll 1 ^^^^ ^ 2)1 • I ^ ^ n 

JS _uiUii 1^2 I Jjixil 2)-^ JLo£.| OjJ^. ^_li 

Jjlc j-o^. L^LoJAo <ci!j d ^ -^-21 I_AJj JjLjlLc <Jju_uj 
2>a LajLLjI l.l'vi 4 _ a^_o cJIjla 2)^Jj . cjL oj-lxlI 6j _ a 

2r^ <2 LoLj <1_ J^<^l _<Aall 2A-°t2 J_^I 

Cj V jJ I 1 ^ dc J <.^->>.2 JI 1 ^ l.o ^.22 I J j I jaI I j <1 LKjJ I 

2)1 Lo^ <vulnerabilities iilal Cil jAj JMjlL-uI 2 ^ j 5 L-JI 
did 2)-° 4j>cl^JI 6jLaJu_uVLi Jjlojlj Lu-uLcul Ij dlLlA 

oLdalil l-^-» ^L^JI Cj La j\ 11 2)^ ^ ^jdl oLu-L^fl 

^jL^. j I 2/^^ Cj Laij^aJI 2^daJu-uj dilj ^-ic JllLo^j 

CjLo j-Lx.ll JjI _u (^-1^- (^j^.^1 Cjl dVillj CjI^j _CuJI ^Ll^.1 

. 4 < ^I N I dj 1 ^ ^ ^ 1 Li 4_c^ 1 ~~v 1 1 
J iS~\ A <n 2)1 I ^ i*N^ j 4_<-^LL 6j(j- u^j L_ajLx-ai.l 2)[ 

di!Jj 4 -ajJ jl^l CjI_^JL CjI _cjixil JjLu 2>° 

2)^-o_i Lijd-ul 6jlc ^--212 <jjlil djl_ ljju-uJJsI (^-1^ djLa^-^JI 2)^ 

^t-^2 Lo ia_ oj ^j-ic- 2x?2^^ ^P l3LJ ^_^dlc jl .4_i J_ jljlLII 

6jJLJ 2>AJ 2)^ £_C <Jj2L^2La < Lc (dlj) t_Sj-t-OuO 

j_ 2>2> £. uA^Jg cdjl a^>H 2)U <dilj • J_^-1 x^i^ 

2>a dlij 2)^ * 1-6-1 l>^ s j J 1 -^ (^dl djlo^JI 2^- —Jj^JI ^jjlVi 


1^21 Lo^ .4 julc^I l^-jllal n^l Jj^. dliVjl_<_u2 J \~\ \ 2)1 42l_2u 

l^ x 2.oj cj^fLdl i -1-6^_ co^Llc cJalA^II ^2^212 

2)1^»aL» 2)_^j .dlljj ^Ldl 2)_® jLvL-y^fI <_rviald^ 2/_d 

.2/-» cjLojJjlII Jjl_2 cjUIj^. 1 J^ *<>2 2)1 oLaj5LdI 

2>C ^dLVij-Q^l 6J -Jl!) dWjJI ^2 JjLaJLi djJ 2^-S La Ijjfcj 

CjI—^J-LxXI Jjl—u j—^ j-0)) ^_o -CUJ Lo djl J-2^J J—Jjd 

jh 2)^J^ j 0) (FS-ISAC) ((L-g-ldViJ a^JUl oL-^diJI 

2015/2 itill .<A\jl\\ U\l\ ol *k\l\ l xAjI 

4jlS (dtrv LiJ 'Vn I j_o I <LcLijl dlljl i> 

iAx j <JjLJsI diLjlxil JjL 2 (^j^.^1 djl^j_CuJI 

.4.0j5L-dl (jAa ill 
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8/7 jljjxll 31 jJLaJU 
2015 (juJfuatfcl 




'A A \.^tt A L J^ 

^ ^ 4 ^“ o\ 

yM\ ^A\aa ^k 

:^v^\ '^\^\ ^\ 

< LS XJJ ^y J K> 



,L- 


i-C^I <_30J ^_ ill 4_ CjIj(JL aAJ _(_ul 


^CJj JuJ l^. jxic (ji.iA.nl j^» H j ah^.1j <_iI <GJL*1 

lj_A jLxH.1 J-iJ 1 U—KJ1 

is*) 111 I (_^_1c s 4jkjjj-<-u ol—<-uljj_j ^JaJI 

Lo ^_l£. ^vl* It I J-A J_ ojlXjj . 6j_i£. (j-ilj-alj _ ajjLojjJI 

^_9 <jl3uulLJI CjI_cu^JUlII j xa, i <u j_Aj <4jJal_um l\c. \\ 

<jlcVI j <JLslL 11 (Jjil jjJI <Lcj) a j_>jkU ^jl_caj^fl j 21 1 

11J _3^1 (J-O J-SJ-S-ll J (J ^JlI 4_ol Ij 

4 \^jjj, \ \ 11 CjI_lLoJlII ‘ Q Sftl i_aJ LcJIjlS .4jlj1 j jJl ^^ 1 1 j 

4^.JJJ LLlSJ lil ^1jlu\ ^j-ilj-o^fl (jxil_i_u^l aIu ^JlII 

l.^J-c JlcI_(_oj ujLt^c^fl 4 \ \X\ 4 \\q~ (jLa <4^JLsll L^jJI 

.<jjjV I <j-o J \ \\ 1 4 ^>.cj-ll 4 _)lajLaJI CjljjjllJI 


^OluiSauXI djlJ 

J -^JJ *l>uetflj L t^aillj 6jl_^JI Jjjj 

4jlJU-£SL»J 1 L^LkJl 4jL»ljj^_^ ob I_till 4 _jlCjjl 11 oLuj^JI 

oljl_I 6 J_a (JaYGj . ^ ^_c jL ^_jJl 

^_a 6jj^.^i.1 4jlju-^l»J 1 L^LkJl j^J Jslaj ^1 <_GL j4<A\ 

^1 n) 3 h i . i ^Li 3 '-h4' 

4_!^jjaJI CjLjjj^jJI ^1 SjjljJI 6jl_LuVI L&jjJj 

n. uaiJI Sjl J 6j_p^l j <11 in I 4 _La jll 

^S^Jl <jJjJJl1I £j -a <_ajL^^ CjI jl-<Ju| l5 -1j 


JL jl (<ajL >4^1) ^j^JL r^L :jl SHOCK MEDICINE (*) 
U ' ' C THE REFLEX CIRCUIT (»*) 

tumor necrosis factor (TNF) (^) 
baboons (Y) 
neurological reflexes (r) 
bioelectronic medicine (t) 
Au oLj^^f. :jl ^sensory neurons (o) 
interneurons (*\) 
the simple reflex circuit (V) 


^LvUL 


oL^jll jl f-lj-i-is^l jl isJu-JaJl jl Sjlj^sJJ J-Oj_XjJl ^jl 

^.xit^ll ^IaAcI ^jl j^GJl ^J1 > 4.\1 ac Jiki <GL^J1 

. I 4 J 11 ^1 C-)l J-tijJI 6 Ji^.l ( J^.t.V.u> i^.\ w<i \ *)! 

A xAc^fl 4. 1 4 n ^LJl ,^-11 < 1 1< ^1^ 1| CjJjL<-uVJ (j| 

.^^1 OjAa. ^jJI 4_n£.llll ollj^aJl £.\jun 

4-uia Sjy^a.1 jJu ILLj^J\ < lit 1| 1 (til) 4. \ \ n ^jl 

.ejl^lWI Cj-i^ ^-^aJl J£.L<_uj ^jl > 

(^jJl ^—cu^l Jjfc cJ-iaJI jjl 

^JLj^Ul 4 —juljlLII —<_oj (^lll jjjjaJl aLJI ^—lc jlki 

.OL> 1 jlsu-a*^ 1 4 jaJLsl1 


.oI^U^Lj uLafil 

^Ul OtlijaJI Cj—ujjJ 


jJjis t al. ;•"»<! « <U" 


oao 


t^JVl 


2 tA. i, <.\ll j|ijxaVlj 3 jxJVI 1 ^ 

(jAxj Ojlii jl 4_wj|jjj| dj^j j < III 

% fi * m 

4aaiI jj^l^ 1987^l£^OjAAij .^^usjXI 

J-oLc. 4_ul^ll^| oLlijaJI JaI cJ jljj 
jUal ^1 lJo^ C^LSj j-^> 

<4al&a 4_>LudVI o^l $£- (jA ,Y) ^-LjJI 

>-4‘u^> ciLiitSI ^ 4aaiI jjJI dLLi o^uil o^j 
2_uL^jJ^| yf$\ 4aJL&X 4 _»jjVI (Ja jjja 
^^jJI j-d La ja £.j 4_ul jJl 4 _lcL1Uj 

CjI— fclijJI pIjI i CjI—> 1 jlaudVI ■ " "■"' 

2 t tUII 4 JLaJ| I^jUsjJ 2_i£.mi 

LaIja ^t j 

^j .^l_djJI J^l£. oVI-au LJdL I_aLdLal 

^J| LlLus^j ^^usUI jjAll pint m"i jaI jl 
jai J^Lfc Luaul J jl V'' ji'i .r,"i<l 

^ J^VI CA 4 

I\a, ;,"»<! <2x111,1 |xi £j 2_lxu2jJI 

/' r| d 11 . II ,-,I , ,,4 x \ 11 j| j l.C j_c 

I 42 jjaj ^xlUI j-SLu Cibl-^"i ml 

^ * ** * % 

j 6 d \ Mi^k 11 CjI (j nt,l jA.,x J 

oi-b oaj .j>jj—II ja! J—alx HI 

jISajL I^ajI 5jjjJI jlSLi^l dxa 
uL^I 2 ? ll »t, dtix j_ 1 aI 

olJJl Jl I III—A 

II 

C 1 I 4 -IXU jlhj 3 cjl—LAil 
■oLac^U 2 _ub <jQ£ 
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^_k ^Jao j) II jl c-xII (jMj do-Joll ^_ajk 

/ 3l \! Tit | I^XJJ ^-Cda < Laju-sdl 6^c-dl ^j-o ^Vl eJljidl 

^Jl <-uLj^11 S^LeoVI ^jl-S <^jxcoVlll d-lj 3-° V JjlS 

^Jl j—tin; <n^c Jd>> jiLU ltH c5 J i^ 4_aL$i 

^llJI daV aVi i itXL> -Lojjjij dktiiil 3-^ 3"° > >^V1 i_lL~J 1 


is~i* '1 ^_k jl j) 11 L»V-3. ^_k ^ ^j _(_u^JJ jial^-o 

LoOlsJI J^I^JlU <JljLlOJ^JI da LlLij^-ll i^LUjJ J . e -coil 


dLniil 3_^ 3-* ^ 3 . VI cd^ldl ^ k <je_aljJI cj^Lm_colL 

. 1 ^ "3 aLajJ L^ljl 3 “° JjjuJj < 2 jfl*wnll LaV-dJI dJ) 1 i a j \ *1 1 
. <JoLo-o <l_a^U_a (J-oxj <ojjVI 3- 0 j x\< 11 31 33* 

(J ^.1 3-0 da^V jJI 3h?d-> j VI ol 3 j— ljj j-on—<_ uji j 

4 _a^ Jl 3 L^_ol J^G eoV <Lij> 1 \ o \ \ dam^j_o 3 Ilkogal^ ^ \ a < 

L^Jlo f^Jal^Jl ^ a idI jloj^JI dal 331 6 <5 juLjjn; 

j_o J^ln; cj\ _33^. V| o_<-u_J << a \ is~^x 1 ) Jd^ jJI J_jlo 

I 3 l 3 jl xfl a Till <ojjVI 3-0 J_aJ-dl JaJL^jj . da V-adla_cull 

mLat-Lll 3 _i J. 3 LJ ^_ll Lo_o A. aCd*V \o~_ l<iaj 131331 

.sUnll LaV-GJI oLIjlcJI j (JjJl-<-v 3 j V~g coVI 

31 Lo_a .S^JlLsl^. <jljljL^. daI jjGG I3J 3 jij d£ 3 jjVI 31 VI 

< a i 1 11 *UGI 3>Lco jjIllu 3^ 3^3 ^3 1 <_>£-Jjulj 

l ^_3 c_J^ 3 j-o OjJ—^ ^Jl 3I 3^f 

. <_a 1 Anil LiVnJI J, \£- 3 Vddl £_o olclm I 31 

< al A^icVI 3 ^ * dal^Ltil 61 Jl 3 ^ ^ *■ <<l 3 ^ 

» <J 4 ji_ uu < \ \ 4 /^c. 3SI^^- 3 ^ Lr^“ 3^dJ 


jljll 3 ^ 3 ; <j!j , 


(- 7 - {j » ' 1 ,^1 <JjjVU ' A lj 

^jlC j <2j_» 6 JJ^-o dal a A\ \ < \C3 <-oj) ^Jl <jljIjloj^JI 

3 d 2 dl ^^3 Lo-^ fLoLoli c_j <-ullll O-S 31 j 5 _oL_u 

.<-LAj 3 dl l_ 3 l^>- 3 G 3 -° 


(*) 


J J_n t-iUxLlSl 


c 31 -^nul 1 jj ^^Ul 3^1 djln* <_oj j^.lji 3 j)Ua 

^Jbd (1) aL_nJI Sx^^i\ j|j_uiVI ^jSL-jjjVI 3_o 


3 Jlj { ) Lf ^JusUXI ol4^Jb c^L^il 

^3^Lo3j lil odd_ UJ j2j . ^j-olj-o^l (J_o Lo_AjjlCj _ a_tl 

j^jjdlj c Li-Ln ^_ijJ^I 6J-A jliLil 

1 ^ xj-ljjlJ ^dl ^ 4 dVI ^j-ilj£.^fl 3 ^ <^_caj^fl 

AN ACCIDENTAL DISCOVERY (*) 
(1952-1857) (\) 
.A I Ac.^fl (__LjUaj : jl (Y) 

axons (r) 
synapse (t) 
the synaptic cleft ( 0 ) 
monoclonal antibodies (1) 
rheumatoid arthritis (V) 





Ke\i'm L.Tvace^ 

'yLyz^ j^jul»“O j^ AjlaVc^. 3 A »!\V-iW oV-va^^A ^AlujdAA ^ 

3^- 'i.iA.'N. c A_ri^i CUJuaV3_a ^-s. i A\ ^\WA\ ^a S )o\ Ojyi 

A_i^jui^>A\ A^\^ 3 \ 3 *—AVl _ uj\ .A v (V-i\\ Aa.-v^\^aA\ ^.^\aA\ n 

. O jA^ Ajt_a\--yji >_A-A\ Aj^ 


3^1 (^^>^^1 ^1 _<-Gl£.^Ij ca^l i<Ax II j_n; ^jjj^Lx-o 6ln;L 

3^ A-^VI jLsljI 3u 3^133 dl3 31^_3La (^.aJL-Gi <_UJ 

4_aL_ai JulS-ll ^13) ^il^JI 3 \ w dl ^,\xi<33 <Jl 3 .L_u <\ \ kis~i 

Jl^o | <J33 

<1^> xVtWI 3^ ^X-lnll <laju-ujj| djl_ cu^JUlLI djl jl J 3^3J 

31 (jhlc 33^ 3—^ dJjJj <6 Jj-Lo_j j 1A1C. 3$ I—fl_a ^.^La ^—ill 

ilaLn _ill <La_til^Li ^Lii! <jl£.IjJI -La_La^JI £ _3 j 

3-0 3^3 Lo S\X b .6f-l_2^-a <j) Jl_a d-o_lao. jl j-3_col 

<c_lal^JI -k cJ- coj I d*_c-cojUl 

3 ji t a V\\\ I do kj-2c 3^ 3^ < -bl! I (^3 3^-3 31 d ik 3i^ki 3^ 

33 djko^Jtlll 3I 3 _uuJI dLa« iA j do-la <Cj_cuj 

<dlkil ^L^c^l 3u 3 1 ^3-^ Lo 2 _jlo^. j_ ls^ 

ji.1 ^loojLi I_cdL^. dd^l <^lj_co j*_coL^dl djUlml < \ \\"\J 

.k.J_CO ^ 4/a^b Lds^3 
f—IL: >asj - ivi <0>^j—^ - s - Ch> U^J 
diLcoixlil 31 — 3^^P ^3^^ ^j-k 3^kc ^iLLao^J 

djloj^-LI _A <juu-Ol£. da 1^)1 J 3_ 0 3/^3 _ill <kji_codl 

3uV-o 3-° ^^ 3U i-usajdl 3I ^ >" ^ uoLeoVI 

^1 dal_co^Jllil ^_a ^.v; ^lll <JLJU-£SL»JI dal jl_LoVI 

<33^kj_co> 31*^^ • L^-La _coed I ^ 1 isAc. | f. I J1 d-Vu 

da 1^)LeoVI ^v^io t Ll\ I^Jbj ‘Lo.addl 4_1S_coll ^Jl 3^>kla 

^_a ^LlN^-^JI dal_^JJ^JI ^)JlC jyOJt ^^lH ^_3L>j^11 

. 1 \ l tn\ 3^_co coined IJ S L^J3lLajJ 1 aAcVI A j) ^ 3l^JI 

3V3 jl .((<_ajji» ^n; da 1^1_<-^VI d-L 31 < ^>- c ^l ^^ 

< {r As^' k_ sLlWI jjlC daL o^JjlII daLajj^lll 

J_c3aL3eJI ^_a L^LL^ ^3 o dV-to^fl <JCCQJ dojLa dal jl jlol 

jl jj~d>l 4 oL^o 3-° dalo Jxo) &3 JI jdalo _II 

dao-ojJj . <33^1 aj_eo> L^_3 L-c 3 sj < oK ^^-Aj / 11- dLl dllA 

1 ^_a ^_L» (^jJI <_-a II ^Ij)^. o 3\_a <_a jLo <_co-oV-o dllA 
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V\ 11 k ‘ • « 3 ^ — c Lxj liLo ^ jJ_$ .^_<_u 

3U ‘A k 3 ^k e 33^ 3 ( ^* s 4 jlj 1 ^oI ^_a j \\ a£ 11_> l£)j_» 




(J-o^c£ £^kjll 3 -° XL-) _ 3 ^ 4_jSjj 2»JI ok jj 3 l H XjJ _^ 

. ^jt-aCbJ 1 c- kji I <jljL> ^_3 a, j3 I ^^3 (J-G Lc k \ ill 1 oljLi-l 

<LL _t_ul jJI £j£.kJ| ^ 1 c Lq-cAcI k_cjsj_Lll 6 j_A Jl A-\.Vj 

3 -^ ^kj-ll 3 ° ^ ljl *-° (J^ka Ca-* k >3 3 ^ <julLJI _lxJI ^_a 

<jlj .^jkl 4_^c 3-0 dljj—call 3° SjbXr^ JH—cl»l Ca^j 4-$-^- 

L_^d^_cJI ^3 ^ju-^axJI jl^ ^ 11 3 c. ^Lq-Ljlj k *kx a 

^jIS ^Jdll <U<LcaJL (^yVJ 1 a 11 ^ Q11 *i^S 1 •'J djL-cul^biJl 

cjllll 3 l 0 ) <Hj^ .P> kOf JAS . 3 LJI Jd^-o l ah 
^x_<_ua11 3-° <jl^.Ij ^_a 6i^j ^ jJl 

£j.co£ 3"° ^-^-Jl^JI (j^all ^Jd-^Jl 

^VSJI 3 ^ ^- ) 1 a^>11 3 ?^ J! C543 -1 ^k^l 

<^.VSJI jX^_a (^-1^- £jkaJL» <kl_alk £_o 
J llLj . (Y) 3_Jij-UJU 4 UIIM lJ 3 U ilk* 

(_j \ x^i t ^jJI t a,h 11 3 ^<4SjLij_a -C> k-s.V 

3 <4jL»I _call <^LlJlo 11 £jjk-a 4_akjLe 

<j-coWI ^jlxJI ^-Cj*kl ^-Al^Jl i aiahll 
o 1 ^ (t V I4A 4 MM ^ L^! 


t> 6 j^-j fo>" J-aLc j-t-JLil J=>>s 

£k^* a V> 1 X 11 £Jjl>jJ 1 4 _c* 2 > 3 -ll ^aa£jlJ 3 "° J-»wlX_lJ i->j 6J_A 

JA2 . IJ-^. <_x_k£j_o Cu31 _^jJI I J_A i k \\31 VI .A _lxjulU 

c iJl 30 j c iJl 15 3_> 6wi^-j <^JLxII £jj_jli cc>.j 1 3* 

jl J- 4 -^l 31 3 ^ LT^" ‘ 

30 <lil ^s 3_ .aIc. <JLx_a 3^3 jaJ j2kjjJI j_(J_etc 

Ca^IUI 3 ^j (ju 1 ^ ^ -l 5 — 

4 juljL^. Cj 1 ^ 3 G _i_oj wii 6J-A 3I ^Julcj LS-^ 

. LjIjl ^.1 <JLJLO-a Jj 6 jJlLl^. 

^ (3—a LJl^ J—^.J-* -II (5J—^ 13^0 ^—Sj 

CjlXmjj L^j Lo_> <julLJI 3 jLl 3 l 1 jLs 


3^ jx^_a £jj—dl 

3 ^l 3 _o jlV\c 3 fl Lsjl 3 j_ij .3*x o 

13^^I ^-11 ^*^x o Ci(j^3_^ An 3L0JI 30 £3 v ^ 3 ^ 

^Ait^kll 1 aA)CL> ^ 1—O.jJ 1 1^ \& 3^ oljl J 3 Lj 

^ 6J ^.J Jj-kju (—1 A^iC. (JS <—s tJJ^J 31 3^“°f 

3 111) jl,n^.1 ^3 £jjl^JI LjlLjIjljI j .^xjjJI J-^ J-^n ^,^1 

cLL\ x^i"sL\ 6 j-A 30 3^^U>) dlllA 3V < 4 jl 1 £. 3-axJL I Jjlj _II 

.^xii^ll g-1 aA>c 3 ^LojJI 3^ 

Ji 133^ J_^tU-^ £_<-£> j ^3 I_I_aLu j 

<lX-oL^. 3 "°] <33 n^lj .L> £jj_call 4 jL 0 _A^fl A _xJL <JLLo ^_n 

^LOUJ JJJ <J {0) ^X\ c-u^JLlI 3I 4-is cAij [jjijj_Jj^ 

^11 j*_ca^JI g-1 XAc. 1 3-0 £jj)31 _ca^JI pLoJ-U-H (^ 

^ 1c. l_^_sjl_^c£ f. Lju I <3 \ \\~\ I j> clcoJ^Ji_ uj I j .^n^-ll 6j£.Li 

(n) (iL-i) 1-3^33^1 oIjLl)U Hike 133^ 3)3 ^ji 

^3 1 -3^3 jlLL 1 3!^ 31 Cj J^3 l^J c-jL^-ll^fl C-U COJ 

Ojkl LcJjl£. L3I VI (jcao.II £jlj^. ^l-^jl (3^ 3^1 

£jlJ_2^ ^_2 ^HjjI ^11 c_J-cOlx 1 I ^-ka J-X-S 3 i-Jl 

(1880-1824) (^) 
expressive aphasia (Y) 
(1905-1848) (r) 
sensory aphasia (1) 
the vagus nerve ( 0 ) 
lnterleukin-1 ("V) 


OljL^VI ciuS 

oLca^AI 4_uL^SJI 

*b 1 3 

sL^UsjJ 

:l m n‘i AJolu «i.i <ULa,^l 

♦♦ * ♦♦ * * * p 

^cjLca^-VI jl 
.^j 1 Jllajj 


j_o J-a£.1 djj—ijAi 

^y-^c£ J-eH 1 -aga^.V c_JJ)k n I 

6 LIjlQljcu I^ 61 -3^-^ ^3^ 

<3IjVI 3>^^3 c^nJ <CNI-1493 

£j-culjce ^-JlJj 11 ^1 Jjll I J-A 3^^ 6 j 

J-°k xl} _^ ^ 3 LofcjJI 

J^Lejll <vl_ t yr^L 3 oL^>1I ^j3I 

^c_c^£ I Le>e ^ c 31 3 • _• < - u -l I ^ 1 

<4 ^., \^. cjK A, \ aA>j-LII _A 31 3>° 


Loj LeLea lX\£ae 

jj-i^j CNI -1493 3 h° ^ j ^ 3-a-^ 3^ < 3 ^ 

. ^ . M~^\\ rA . AC \ ^j 3I J-^k XL^ 1 *A> \I 

CjI^)-o kj3^ 11 kj£.|j <L^juljJI 6J-A ^)-oVI 3'“^-^ ^cls 

A \aL 3>k. 31 j S3 ^c-lllill tduiS £j-o JS ^ aj <£j 

< j. j 1 ^ 11 1 » Af. 1 3 1 * a Vi V ^_aks V^ 4 _C^_coJ ^_ciu 3 - 3 ^ 6^ \ X is~i 

^j3I 3 ^ J-^k j! 3 Le < 33 ^ (cl>kiJI I 

^SlllJI 6J-A lUlalj ^ A Vi 1 £j£. (^‘Ao ( 3 ^^$ .^Lojll 
3)-o j Tk 11 ^_a k j ax \ kS 3^-11 ^ ^jlouVI LjkLel^l ^_a 

J-^ 3^' c^l J-^ 3 ^' c>° vj—^ 6j j 

3 jdll Ij-A 

3S ej CNI -1493 <^£j— 3 ^ u 1 ls^—i c 3 

g^Lejll £ J cLa ^_a 4 -X_al 31 5 ualkjJI £ J xll k COJLJ 31 

^ I — 4 -J J->T\a<< djl-oS^-e (J.XXA.OJ <djl-3e^_A 3 k-^V l ^ ^ \ \ \ a 

J-ok 3 kjl k \ ^ 3-^ — 4 _»Jji^3 3^ 

^JLctf^juccul jx_> k£l VI .£j_lx_JI l aA>cV 1 ^_a fj 3 l 

*_j^kcllll £jl_cl ^ 3I Jj_ ^11 j\c. 4jcokcjJI £ J_X_L 1 

^kLcul g^kJI ^ 33^11 CNI -1493 ^331 3I ,lek 


^jxJI Ail <L 


6J_A 




fj!^ 1 


)-^c£ J-oLc k \ \V\ ^ 
^ j31 J>-~^ J-° k XL ^ ^ ^-ka3 3 JI ka VI (Jd-JLJ V <Jce l k \ 11 
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ObjjjjJI j < 4i4Vi 

jabJI JbdaJI ^ 
bMbJl Ci^-t ^jJI 
Jab jl^al SjjLUl a^QJI 
Jclalaj . JlI^SJ-iIujI ^A jbl ^. u^c 
4 aJLJI bMbJI ^ ^u^xJl' jabJI 
jbj J^lc ^Lbl ^biab-j ^ Sj^oSJI 
.^L^iJI ^Aj fj^l 


^Lbl ^)oL4V>l * 
!* 


p^-d.) qi^» II 


(jA^T\) cJU^S 


LUjj^ 1 : LS*J* L>“3* Q 

^ 4-iL^dl pLAtVI ^1 ajbuj 
,^-fl. dl c-u^lxJI j A tb s jbl Jjq^b 
Sjajdl ^Jl Mid i_u^j_> 

■ » i ^*s < I 1 1 d l 4 11 t I i‘‘l 4*4 ( 4jj^bl 

«Uld <jjj ji. jjxaJ .^LaJaJl 
.SjL-uVl <>iA S^b 


lAJ-Ud CjLaJI-S-A <AJUjL2h jlsil 

^xlaJsl jl^iaJI ajIsuu oL-ubjt_iXI J^ju vAiS 

<U u4~1 C*a^J| ^ ^^A g-LAcVl > k\'\\A ibJLxi i _ 5 _lll ClbulxjJkl 
J£. jiiuab ^iJI <LuL^_lJVI oMcliUI ^ JAVLl Cu_uL_ui <LlaAi ol j 
j-3 OljL-uVI (J> .4rn (_£jj| ^.d,l .^tbJsl jl^JI 

j^ALxjJkl jvJAM ^ ^g_d jjj_> L^xll Laj1*a> j e-Lbc-VI j-a j-ijjUI 
^^L» ^^ab jl^i. (J^J^ 4/iu^JI obxiljjJI 6luj .^LgbJ^I 

^-11 (Jb&JI ojllbb jbfc umi II IbA (Jo 4jtba «Lubb 

jbb ^jJI ,^-uLujVI ^L^UVI ^bbu-sl L_4aj 

.(jblj^VI (j* djji-J ^jJjdLdjjJI JusliXI oLgbJI 


UUa") OLbLUl JcujJ 0^3^ 

Cab-ijoJI (jbJU ^Ibi.j jd^diuJIj |jbljq^l 
£^a^J Cl I jl jj| <Cu4'i ^ui^JI Jq CLCbll 
dbA ** > ^"*d ,dt^ j 0 a 4_ljL^U| 4_ibxltxil 
£b^ ^1 q- u^ JtJI ^A£ Ciljl j-»VI 

j_Lt oljluj^l Jabb <5jbjUd ^LdjJI 

UiJ^ ^! -bua^ld jjj>> 

.(oyid\3 ^k.H\ 


(&$) 0“3* 

5jLbVI j-ijjb 

4_ild 

p^-dl Q<n» 11 



















^ ill II ^j| dUj <j^ ^**1 j> Ci v*rw <>1 Jj3 j _ <_<jl^JI 

&j.a (jij <^LojJI lJ J[>^- 0 L 0 j_Ls.il JUj 

■ ^ A^.11 CjJ ~\.Tt ^JlII ^_A 4jUU-Ol*JI CjIjLJuVI 

IjK \\ 4_s_oLa* <j_o] <Lojl^_u .A> <4 a n V* Cb-Sj-ll j 

l \4 i ^jlj^^JI ^_le 4-fiLo-o t_>jl_:aG [jjLLJI ^ 

I 11 1 jJjIj I * LLc. 1 (j i <J (2 ajlI cia j < 1 -(2/_S jJ^jlj L» 

. ^ Lo jJI J_^_J 4 ~S.Ti ill e_U-O lS_1I ^_9 4_ijL»j^^ 4jJIs_3 jJUlJ 

Jj 3 l$GI C.1 aAjJls! £j\ -o j l*-ll &J_A ^£-3 jialll Sjlcj J 1 j 

* \ £\ 6jl J i 4 xn^ll ^11 ^£jjJJ £-IIa 1I dll~\rTl 

6jjLi-oJI 4 \ \ ts\% 11 CjIjI uliVI <—i-slJ-C J-oGlII jlj 

Cjj5Ls ( 1-CrJ^ jJjJljVI 1 ^^JlII j ^ ill (_j 11 ^j—c 

1 ^ILaoj 4_L LLo 4_i^j4a> Cj Ij 1_ LJJ 1 Jj4a>j ^j_o J_»^f <j I ^ S 

< 1 y\ *+\ j <v \L-S \ \ (J_^.i ^j-o ^LojJI ^-jLL 4_s_al jJI f.\ _ 

2_jJauu_tjL» lkw<M Ljlc 1_ui^a’^ ^j| Ci jlsU .4 _uL^jlMI 

jj xA 11 J-lLij ^ r\^. 11 i QAtwj j 4_u IflM 1 4_lLojlJ I t <1* i 1 


4_lLoJlJI 6j_A 




.<^_ 


JLJ^fl ^ <G J J-2k. J-OJL^_i jJI 

c-xj-olsJI j\C- <L^_i_aj^fl 4_uL^jlWI oLujjaJI Jj4a >j l ^ 11m i 

1^-^.ljjl J>3tJ ^jl l jlc ^ - 3ULJLJ Lcu|j <^LojJI ^ -^jJsl 

l ^,\a CvaIUjI ^1 A A n i^fl ^J1 A X n Vi e- xj-OjJI ^ \C- I a Aa i | 

oLIjiJj^JI J-oLc jrLul ^_alc-iLj La^-oQJ 

.i< << IL> l^-ck_ii jjlj ^1 <_ul^jJVI 
^jjj^JLJlII ^L> La jl_Loj Lo^JlLo CiJlS 11 j 

<(— 1 1/^31 11 (Jjla ^ 1c. Jajulj A \ A < 1 ^k. Cj^LLJ-oj I J_u lm \ i <i ill 

^.jjJl jiiG J— ole J-oe ^lSjj ^iJI 6jl — C^l ^j| cj — tGa^ILal 

^ \ t/’iC ^jxiisLJLO 6^)1 J (J-oii ^ Jill <— 1II £jC. jJ_c^lJ ^ ^llj 

6jiaJI ui—ij .^ellil jl^Jl J ^1 ojJl ijyj la—J jJ 

^jCsJI JxA ^ <-u^Jl J^Laj cjLJI ^-Ll a 1 *T \oj <a jLoe 

ot - CjIjI j o! O-S-tGsj .oLL^aVI j 

^ le jeL-uj <_cLl!I ^_a <^1 

ujl^jJVl <^^.1^-1 (A _i is*i +> _t n^k 11 Jm-LmG ^jjl CjLlLoJlJI 

^j-o ^jlj < ( ^alj-o^fl jl —JjJl ^ Urn j (^jll 

6^) iCj ^Jjll (J-^lc- 5_ol_ <-u CjLlo^ ^G_o J^Lk. 

dllj Jjljj -CjIjI _ GjVI 3^1 ^LljL^JlIVI oLujjaJl 

L5 _le ^j-tGajil lul^ ^LojlAVI J-iJ_ 

^_a jia j2 u' j-^1 


1 lS*> I ijjIlLc 
1 U> t>° 


(*) 


CjL^Jbt-4 ^Jl ijlaJI 

^jl^-Ll^fI ) oU tifkX jJl! 


^J <nmJ 1 l 5 ^|j^L -uj ^ .not 11 JlfrmJl lS JlLL» 

p|j 1 j—o 4.4HAX 1 p mm II pluael j< ^ L-^-LaJbuu 

j£ jjl—faoJI u—frU ^UXI ju II »j_ju I—oSi .4_txiMtxu 

jli /As .j i ii.i .\3t \ \"i J_dl JjLa-j (JxlCjlIo OjJ-a. ^Jl j^kL-cu j-Ji^o 

CiLaJLxX JL.mJ.1 ^C4 jj ot^U^fl 1 —GxjI oI—^uSjuXI 
■ SjLAXI 4_»JJ^i A 


L'u-a4V) JliCi V Gl»1 cjLcuSjlIII juuAI CjLuxiLxii 

j-^.1 j_> (^LcaJI ^ijjI 5jjL-oJI 5jLoJI S jCjVI ^lLj Lajjs. 

JSLujj td J^VI j-3 ^c-^- A ^ - A o^loCJI <>jJ5 J^.'u <l"i 'j^ 1 ^» ; 'V 1 
Jj_u jj j| .oMCjdl j cjLuo£^f| <Lia ^-i-uj LAiSJuta l^JAa-o \ 
cjL^tcVI j_it 4 -ijL yS S jL-ul j_JI ^ 4. \ u^c 4 _lLo. 


djLuiVI 4 Jj 


0) 


i n^t 11 ^ajUL Cjaj a^Luo 


Ctia. JacsJI ^1 CjisJI 

jj^uS o3jy ^1 ^-^ UiJ>» 

^yifc (J^LXXI dLCl^L» J-L U J-i |j^1 jjjjjJI 

iuJJJI ( \i«^ CjYLLCuj^I J^b 

(Jlbj jvWim . j_l 1I ^yJI Jj-dJ 4_ijjjjjJI 
i_kua&J| 4-il^-i CLUI O^U-ouj^JI 
J^l^jJI dj A j-ix3j .4.iu^>».ll J^l^jJI 
^3 JiLiC ^.<Lu 2~iXI ^caJI 

4. iLAxll LMdl ubLi^jl |jbj-o-i 

.JjJl c^aj-ajJ 


OSj') 

I I (J-jSjlIU Jxal 





ilj jJ jlj ^jJI 4_i^^J^jljJ1 4jJVI 6J-A 

Reflexes and Inflammation (*) 
sensory arc (^) 
cytokines (Y) 


M 
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j sax 11 

z \j • 
9- Ij • 
(^jSb U jJl olj • 
b ijJJI JoxlAJI £lidijl • 


(J^ljJ J 


(*) 


JxJU (jl LVV J jjl 

yXJi 

^_a jjiSJVI 4... \ \V\11 Cil—jlaJ JLjju—ujLj 
^ u-u-cu ja 4 ju j ,j^VI o& 4-»4aJI 3—^Jbu 

cJ—u£jdl 4 ,,,\ \\"\ J .<L_JJJ^I jAJLJ j-X M_l-U 

<jj^l jib j-Jbj Q 11.1 

j u\jl! 1 £ Loxll 4 \ vYil j^luj j .ol. \VTJ1 dLD 
^J . jjogjSjL> *|JJ jtjLxxU lS x^jXI jlil jl 

CjL^JLx-o 4__i_uI jj J_uol joj j xAi ^ II o~ajJI 
I (Luli J-xo 


Yl ^LaJaJI 
4i^^_JI JJU JoAJ ol—coljxll <> j_ob jl 

.<bjj jjxJI OljlxkxVI 


^JLxiaJI cxusjUI 4 14*4*; 

jo ja eaJU • 
^xijoUjjJI J^UU oL^UI • 


frfrxJJ U<Q* 11 4 xxu 

<^xjjjUjjJI JuoUXI 0I4XII • 

^jL^U^j f.\ju>i\ p|j • 

3iJ m 

(^jSu-uJI alj • 
4_ilj_» • 


ij ju-a^JI II 4xxu 

4_iL1XI • 
jLbjj-u • 


/yUSJI 4ttVi 

jjjLo jCtdl 

^jSLcaJI *|j • 
j_i<JI oLfUl • 

jLbjj-u • 


J a A \ vll ^Jl LliLL j-o L^jjxj 4_*_1UI L»!}LJIj cJ Jx^j-llj 

. cj LjjjjJI ^Jl JjLduVI jjj 

Sjl Jl j^juXI f—I c^-JU jJ 

-Laj-Lo \ is\ \ jl j o ^.cUI jL^JI £. jloj ^jJI 4 *xoojJI 

dilj Jx_» ^-o^j ^Jl Sjl Jl ^Jbj <4j£.U| jl 4 jl1c.U I 

Lo JjXJ . 1 JjJ 1 j)-o _ >_ulW 1 J .oI _cajJI 

Jj < wUrv —tiu 4 jlLiL~jj ^jxi^julII Jj—V 

^_S CJ J^Ji ^J-ll dlt <Ju-tu CjlAcl Jj_i oLlj^jJLU-gjI 

Where to Zap (*) 
the Inflammatory reflex (^) 


CjLUj 6jJ _Jaltl 4 JaJI CjLuJ^I 4 % ^Jj-Q ^c, 1 Jj3j 

L^xS Loj jl- 


Jl 4 j <-uxj> jJI ^C.VI jl ^ kL 

^ 4 \"\"s ( jGjjJlj 4^^111 ja* II j J ^Jl j JLJJI j 4jjjJ| 6 j£. 

JLjlA j^J jJ 4J I .J^Lc Jl j-c j O^-t-^j j_o |_^_JUu-OlSLJ 

^jti\x \a jc (\ 11 CjJ- uaj CjI _cJjJI dit j-c 4_<_JjJ 4_>I 

jc_jla-^I dilj ^^ciLaUI (^IjJI jl J 4 .4cUI ^ w^>c. 

Cjl_ojlj Jl oj^j JJ.S . jj_(-0-0 4, \ Ja 6 Ji^-C ^JljJI ^_a 

4->l 0 ^. ^_a ^Ul jl^JI Jjj Jj^-C- 6J£. <Jl£.UI 


jl ^Jl j£- - (ojlo jj Jl I J A jlj ouuJI 

4 taJll Ij^LJI JLo£.| cjVLJs! 6J.A ^_a 4-cUI cjjSjij 
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^-C.LlU jLfl_aJl _ IjI j\kn ill <_j_ <-ol*JI ^_3 _ *j-ftfLll 

JJ 4JI <J»j 11 6J A LjlLo^JI JJj . ^jj-ll j-b> J oL*J 

Si ji JLojlj _<_uL* <jl»L^jl 1VI (jblj_aVI 4^JL*_a jLd\ {j _a 

JJJ ^ I JJlJI ^.LlL JjlSS JCj^i ^Jj 4bjjjSJl 


4-1 j x.r-aj-a 4_atab Sljl JAJlj UaLjbo A.Ltla-11 J_ *Jju> j^L ^Jc. 

(j-O £>j \C- J | ^JjJjLajj J_C^LLc «_S L^-HJ Ls >_) 1 ns~i A ( 

JJJ <^L JuVL JaLflJua. VI ^Sjtc (jjaj .4 ju L^jlJVI (jblj-oVI 

<jC. 1 ^^ y<\ <1_ILLo ^Jl JjJLj ^jlII Cj\ _jiiaJJ *kla« ^ Ci_3LO-~\ 

^1 VI .^tlll (^u-oJI ^_S CljlS La j\c <jJJ _uiL (jjjJ>j_l> 

(jl^j tJaJaiiJsl 4 jl1c. Cj-o _cuj ^J_ll J-ijlil La <Aajlaa JJjlb 

jIL Jj LLjoj 4\ lc Cjj) 1c j-1j ! I J_a* la.Cjja I j_o I d) 1J 

. j-i^UJI CjJjJI jLu 

*V-ajJI j-a cjIj—<- iuc. ^^j <j ^Li (^jJI J—ojlJI jl 

^ ^ oU^VI olj-bba oJJ^J 

£C_aV-LI ji-cuj JJ j-Oj-ll Jh° dJ£- (J-° J^l (JiLS. ^xlLaJI *b>.jl 

. ^jL^jlJVI jjj_ *\X \& 11 4_i^.jJjjjjJI j 4_LjjjaJI 4_i^.jJ jjljJI 

dilj *Ja*l <1—JjSj-ll Sjj— jJI jl^ ^£jJI — ^—£Jl 1I < s. u<aJt Jli 

jjlLIIj iJLvUJI ^_lj ^LajJI ol jl_ <-l| J_i_uj_s — oLa^-VI 

JJj . ^ l aAcVI c I_AjJl£. ^Jl j < J_aJ I j ^ o-t-aL^JI Jjlj cuJI j 

Lol^-Q I y^LjA 6^)1 \ \CL ^JLvLJI C-)l uulj jJI A dJ^Lui 

J-ojJI CjLl^ -tjj jJ%n j| J-oLc ^LljV 

6^1 C>° f c_j-^lA_!I JjL 

^jJI 4 \ \ isix II LV^JI ^j-<a 4-C^ iMnill Sj 11 

^LaCI ^JLJ^I 6J—A ^ILai <JL^JaJI L^iLJl J-cujj 

-Lajj-i ^jJI < ^ Y LL tj I j A Ij 4uj-c Luj^. JLvLJI 

<T cell ^QjUDI l—i^LSJI ^SJI ^-c-Llil jl ^Jl LV^j 

^ 1c. SjJ-LI CjV-LSji_caiL _>J <3 \ \ \ Jal_Ujl ^ Jj_iJ 

^jlx^c J^L ^LjV jLjJI ^_L. .L» a AII 5jljIjl1I I_»V^JI 

L K i < > c_$~^ \ oTu. < < .o s .L ^ 3-11 tjL|j*\ 1 Tw < < 1 j^.1 

j_aJs J-clc L^jj J_j ^.Vn (r, Sj 1-LxJb L>IS jS <_i£.l_jLo 

oV-^jLcuil —<-^1 j—‘-‘jj ^jlj .JL^JtJI 

Sjjlj^JI 4_sJLJI LV^SJI a7 nAChR 1^1 jS ^lll 

la \ Tu j_i^la j2kj(jJI ^J-aLc ^LljJ 

.4_iljjjaJI ^JijlaJI 

<NF-kB ^CJj Jj-S 4jl1£.L Jj^I (30^1 _ < - UJ J 

<xJLJI LM^JI SioilII _II djL\\ 1*411 L*_) (^jJI 

^LJI Lcl .j^jjJI j-~vj J-oLc. £\ is~\ \ I JjlI Sj_uiJI 

the celiac ganglion (^) 
norepinephrine (Y) 

:jl f macrophages (r) 


.^JjjSLaj(jJI <J_i-aLLtl c_jl_ ^JlII Jjlo <JLiljJI <_cL_ll (j-^lj_<aI 

CjLuuJI CjLjI ^J-O Jj V Jjlfa j iSiajlsill 6J-A OiJ j 

. <Uj^jlI L l^Jj^ 

iijJI 4 Jl 1L 4 \Lc. ^Jl SjiaJI 6J-A jLl^l ^llLa^j j 
^_b, 4 ^hA ^ -LIaj Sj _c Ll^.Ij^. \U (_j >^i3i II iaj_<Jloj 

(_i 11 1 x n \aj . 1 ^ 1 Ad ^Jl ^LajJI 6^)L_u-<a 

jXJ (^L^VI JjlC ^jjVI ui^i ^LajJI ^J^- ^ Jill 

<4 \ \ i^i3l II c_aLJVI j t ^ LT^" > J JLLUJ 

.(jla Jl ^-ua^. ^_S j_ lLUj ^S jj A^all^ ^lat II jaJU j 

^)-i£. ^1 Sj JoLua SjJ is\\ 6jl xojlo JjL t—i 11 -LaoJjJi j 

jl Jjj^JI 1 \Lc. ^LSIj .ji_ui^k 11 Ac 1 ^vlaa ry \ Sj-JuLua 

<^ja»JI ^jL-b j ^j\a 11 ^_S Jill uu/’ia 11 ( *-L-ftj L^ <SjJ_caJsl 

^^jjll jib J^ab jm . . j V% ^ ^LJl ^ CN1-1493 

^_L, l\L^a^w JJ j .*\ _tAcVl ^j-o LaJfc jJl£,j JLaJaJlj ^1_<ajJI 

LS^ ^ fj—^ f-^ v ul :<( -»-^ a 

LiUJI c_aUj1 j^LoJI J> CNI-1493 <j 


JJJ .^jjJI j-b> J-<aLc ^llil (j£. aAcVI t \"\ A xa ^J 4 _jlC-LS-LI 

(Jj LXlVI J-b> <LbL J_&J ^ \11 (_J t/H 11 jl LJLLA (>Lbj| LlJLjL 

JjL (J-L- ^Jjii LI_b ^_S LaLulJjljI ^_bal j>o ^J 61_\»la^j 

^llil buJ jl Lj^jj t jla v 11 f-1 a Ac. 1 ^iLa> ^j\» 11 ^ya 6 jL_<jlo 

^_S In \L it u.< t/a3> 11 (jJ^> Lajlc VI (J-i-OL^J V jSkjjJI J- 0 ^" 

jJ-t-saJI j ^jjlsJL I jjj_o j j^LajJI £^J^> j-<a LJa 6jl <-ulo 

. JLaLJI (Jb.1 J_» q- L^ili 1 j jLjJI j 

Jdkll Jl Jljj i_u^aJI J CjLjjI Jt C ^ 1 JJj 

cAo3LJu_uI La JjlC. jajj-ll j-bi J-<aLc JtLljJ l_JJJJ ^lll Sjl _ 4uVI 

4_l1c. JJ-1 < JJ d^ *_sL-«aC.VJ l ^-U-o LjJa I Lj^*C /j j i • * a 

<jj_Ju bjji 4_3LjaLa ta J 4juu-oJl1I <L^.ljjaJI jjl_ iloC. 4JjC- j _c 

j_^jJLj*^ ^iLj^CH ^J_<_uil 1 j-A J-axi <_uI La 1 j-ilb .d-bs JJJ 

diljj ^^^c-Lij Jl i ^\\—cuL ^-oLj ^LjI ^^ t>-j- 11 <—i11 

^j-<-al I I j_A 4_i_ <Ljj . < _ i J| I JJ^sJI 3^1 ^ 

ejjlj <-ijU-.'IL jj_ ciaj ^ jll ^i» »^ill _I 'j XII ^-\ _ n^-ill 

J k Lij <jX^_jLLLja ^_a ^LL^I 4 _Lo^j 


dlL 


Jd 

g-j is\ 11 4_jlc i** *9 \ \ \ ^jJI jKl 1 jja i_J_jJ L jl^aJI I J_A 6j j J 

J^.1 (^-L. ^j-<-ail Sjjj LoJjlCj .^Lj^JI ^'Lu-OlII ^ 

^jJI is*iX II 4_ Jj 4jljLj^ 4i_a_Jj 4jlo 11a n 5»_ j 1_<-*acVI 

jJlC 4jljLj^JI CjI_ <a jLlII Jjjj J-aC. J ^ a> oLb_Jj j J s 

.4juu - oJl 1 I cbLJ^fl 

(^j-t-OLsJl unna II 4 juljj sl Jl SjjJ Cj_> ,i Aj LoJjlCj 


^jjll j_ab (J-olc. jrLjl l_S—Jjj ^SjJjS-o ^jl Jjj^. (^jJ ja-^J-ll 

CJ lib Jj ^j| ^_lc. LLlaI 1 J_A (jl^J .^l_tAc.Vl t ^ L A r> ^S 
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^.Ujj— j-u-a) 4*-oLJ ^^-flJjLVI t _ s -ii=JI j£_>ll <j4 jO—^'-°J a" 
u-jI .^f.VI _^-l !_yjy- .[GlaxoSmithKline j_<2JI j 

jU_2 < UUu SjSjllI C>_ xa jJsl i ±s*ix 11 LflAxa J _ 

^J-Xjjl - ojLXA JcJUj .£j -ojLXaJIa iLc| Jl (jAAjil 

. UaJa LlK Cj-2-2^A £XjU_u I 6J£- J-*aj < ^.U I 5* aA i (J^Lx 

5 \ AA^UjJI <GIUUjjA Cjx <<JjlLJI &Ja t—1 x II U I Ja dll 5 J-S-S 

(j-ijA ejjuxal LaJjl£.j < (cJ^ 1 _ JlLII) iaj aAI I <UaJ Cj-U _Juj 

oUaiiUtll 5_cujUua yA ^xLJI ^_Sj_Lll £>j J_x Jj3j .<1aKjJI 

^J-O < 1 \ 1 2 £XaI_<-aj I J-*A ja J_xxll diU *Lxj <6 Jfl xll 5 ala-^UjJI 

£-j^I dJuj 2/^1 3 .<L*JU 5a j)» t 1 ^ i2 dJjAxxj 3j_3^ 

Vj (j-iJI 6 IC$-A ^_3UA (Jlj- 1 5 a_G_*JI ^Jc I_a^Ca Cil^A_<-u 

jJI ClI JAJ^AJXuJ I (JjLC 6 ja1xxJ1 5ajJ^I JUlXAxuI LT 1 ! 

<d Ja <1aUo| ^J| (S'^3^3 (j£jJ_aJI <lcUo JUa 2d 2 )Kaa 

. ( jUjxx!l JxSxaxII J^UajU jl ^j*\ Anil 

4j,.U. jJI ^LojlxVI lj_A 5Jlx Caa.Aj-C J_ij 

<jLijx ^_2 2012/11 xVill ^jjLjUjjJI ^J*J <lKaja>^I < \ KII 

^j-o] <^jUujiS .F> <jLLlOJ(J <dJU> 5Jlx ( j2sijJLJ . 2>Ua _^Ij 

<K^) _<xlII 2h^] <dJjLUj .R> \ A I J AjJ [^-OAjIK^M ^JlLJI 

jjjUjJ < Jx*xul3 J cxafjxl 5£Ju ^ij [SetPoint Medical 
j . Uj l^xlVI CjI _ t n*\a\ 11 \iAn I <j_o ^juxsjlII <1 \ in 11 




UjUa 


U-° 


XXJ I J_A d) I 2/ 


CjUjjjxJI 2>_° ^J-^3 1-2/_^_2 -xjx 2 

* \ qUi^I ^ Ul K i I (JjL^JU-oi I ^_2J . <JLi l^xlV I 

Ujl A^C^fl _t t G A * 1 UK < jVfl JlII la i^X II I4JI (J X^l 1 ^2JI 

.^Uil jl^JI J^Uii ^iJI (^^Vl 
3 jUJI ^1—t-uVI 23I 

<aLxji—<_ u^fl <2d 'I >'1 6 1 

Jl oUL^VI jl j^JI ^jj£ Ujlxi .5 —-acULI 
^J| CjVjjulII 6 J_A (JjLxaj <c^J_jl^JI JlxoKJI fjj\^ _llU 

oUjj^JI 6 J_A <^UjJI ^_ 2 <jK^axJI CjI _J^j(^jJI 

j\ku ^K 4-jl is~i 11 _<_oJ^fl CjI^)UJj| jUu^U 

^_2 cj Uj 2>^J I 2 >° U-a^jlc.^ 1 -2 /KjJ^>j 2 I^ I J-° ^ 

oUU>2L<_al cjj j-x ( J| (^^3 ^ ^jJI j^^yy-^ j <Lx-<_ajVI 
* > • * ^ 11 ^LxjI jjU_u ^_2 <_uL^_jl1I j 

dlti <1x21 J. CjI x 2 a j IKa \ I ^y _x <L*-»j_<_u 6^)-u ^ 

<1x21J CjUKjjxuJ I ^jxll jii \2\ . L$-A-2 ^Kxxll j ^jUJI 

CjI^)UxVI ^ ^djAuj ^ 4 t_ Sjjlu Jjl2xlxII ^-^3 •»_^)Uxlo 

<lL l ^ ^ _<_ajJ ^jUxxC^I 1 ^ UlXA jJI 5 uU^KJI 


. L^XX^IKxJ 1^2x21 JX J UaL^xMI 


JxxsUj ( 


iu^ll. 


<4iLciU cxxcailj J-O^fl JjJaJI JxaUll ^jL^xll 

^JJL J^C <LlUjlJ I 2) I dAJ Us Ja U_ A tOJ I ^2_ A UAJ wG 

^jJI Ca2jJI •j x ^- c l-<xuxl dl (X i^iX II <Ljljlc j \— 

cr 1 ! lt^* CjI _cu IjJI Jxal^xl <1_lliil 6J-A <1x2 ej_ jK| 

^^3l1I e- 1 jJJ ^Jlx2al _aK d I (X is^x II 4xjaj j(jJ ^ _*a_2j 


x\U1I I^jlLj JA2 f^LxxlU xjUsxll 6 j-A CtIK j I j|j .^jI^xIVI 
<dxxj <L >1 CulK (^jJI 2)^1 

. <L-JUII J 

t ^J.2 . (JUw-t I I J-A ^_2 JCxll 2)1 J^l J a^>I ^xi ^ 

<u5Uj-qVI ^I^jJI^ <r- 1 j _*JI 6^)1 j| c^a 1^ 2015/1 _<xJI 

Jl ^Jjx2 \l I t_A- t-s^X II <Uxo 2)^ > (JUaJLJ-<x»l c> 

C2 j . 2/-AA Jxll ^ A^>JI JjlC _<JuJU _ UJI 

<lxLl I ^_2 ,>1^>J I ^JI xiU 11 <1 11 iVi a til I 2^ Ls VI 

jy^ji\ ^-A j <2013 Cj d2C. Ji-ll «—\U-1I I ( Jj^fl 

J yj *jull GlaxoSmithKline <KjxtJI <2121 aA2a J ^Ull 

. J UJs I I J A ^_2 <Ua LGI Gj I (^jja <1 LajlK. 

2 >j)jU l_Ajj3 62 >aU». 2>^ GlaxoSmithKline <Kj—UJI cGici 


decipher (^) 
methotrexate (Y) 


\ < UaI_ uj I_lu I_cKj 

jjija 2 >^ ^tjLcUll olilcUlll ^_ Uaj <1xjux5lA Jl oljxll 

(J_ 2 j jJI 3 J^xii 3 _iJ 2 >^J t-jUxAC^I <L\jxI j ^ U 2 

CujA I (jJI CiUxil^jJI yJuualy . <1 \C. Gil C-)U_>2)-JI J CiUxxJI 

<LxJUx ^J^- 2)1^-^_<-GI 2 tG- 2 aJJI 2/3La 2 d Jj. lj_ 

^JajjUj^jJI (J_(xaUll (xL^xll J>o_ lxa jJI CjUIjU a^*2I 

<^l J J 1 ^- U_ijj JJJtxll xj _Uoxllj ^aJJVI (£y*X\ f.\ J_IIJ 

dJjJ ^—ujj ^^Jt Lit 13 sxjj <2011 |>.L_c sj 
(Jjl dLxr J $]\j < 2 xuJI Cj -2 jUxs < 6 JjLLI Jjxc ( Jc JxUUil 
2 )L^_xj J y £.j ^Ja^aUJjJI J-a-xLLLI xjLJU xj! _uoc ^xjjx 

2 )^ IjJaA J^l <lU- <_oa y& 3 I 4 JI I J_Aj <jx^xil u i^X II <Laxo 

.^jjuxa ^_2 <LajU a a 11 C 2 K (^Ull j JxIU Jaxx (^Ull 3^-JI 
(jLj J^*JI J=—<^lj 1 y (j^ U^a'-* *“ Ui LT^AP-^ 

<lyi CulK <bxKjj <1_toilj <bjA 2)1 JUUI 6 J_aJ Ul 

2ya <bLXOAj <Kaj^I J^. £- UJlI_cuVI ^*12)3-11 (J^- ^^>7^3 <_XjjJ 

^.JjlI IjUa j .^l_ixJU ^xoxJI 2 h °'J <l 1UU I £_o u»IIIJ J-o-*-ll 

jSk^JI JAJ JxUJ SjUaxLI 5ajJ^I Jc Jj-aaxxJI <1 _AjJj3 

cj! jajjaIxJU <LxJU_LI JjLx J 2 L 2 < 6 j^U 2>^^ UJLc caaIK 

2 jx xjIJM! 6 jUGlLI <a jj^fl 2 h° U_ajjcj (T -cj 1 << <S iJJi. U> I j 
<Lo_aUxLI <<—sLUll U J < ( j^aJI 3 -^j j 3j 2 )jd 

(j-x JgIa ^x<sUax1xVI] <dJU .P> I_AJj3a 5ajAj _<_u 5 ajax3 ^_2 


(2015) 6/5 f^\ 
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dill _sJL* * <jn 

^^jla-oJlJI jtfrrJI i iJCL j[ .dlij \j\1aa IjL^. 6JjJ-ll 

J-iis JJ£.j ^(cJj), W ^ C ) LX$jS* 302 ( j-o SjjjJI 6A$J 1 =lj -<-ajJI 


.^jAlj-O^fl eJJu-ul ^jJI CjlUKJI JlJ^jJ ^uIau^w 1 \a jll A AJ 

j\$ *y 11 <-jlLc. l-^ ^a^aSl < i \a \a 6jlj oLjjj(jJLlt 6J-A ^Halj 

ioLu ^ \ i^i"\ <j| (j-o <Jl£.Ijl1I <_»L^JU_uVI ^ 1 Aj AjjjjU ^liil 

. 6 J1^ J-LI 

^jjjlll (jUa. jJjjuJI ^ 11 ^jls < LiLt 11 oL»jLLL 1I ^_a I_oi 

jl^Jl Loa <jl^JI olill^!l 2>^- ^Ls^-ll <aajl\ <jj^jl 1I L^lai 
Cil_ uj^JUlLI £| oL^jVI QjlU jlj .^litl jl^JIJ ^_\ L<~iX 11 


oljl j <l=i—«_ul^j ^ilAl jll (j—jjl^JI —jj_a <—ajI^iWI 

.^liil cjLqju-uVI ^_le ia^LaJ 4 _Ll3Jj <iaji i_uj Q1 a < i*\ * I a 

£/xJj <jl I 111* 4 i LlljJI (jld^jJI ^ JLJI L£j 

.<-JjlAj1I 4j11j3jJI IflAjUaj (j-o JjALiaaI ^2-~v CjUVI 6d^-J 


•A^' <~s —® -^j-s JA JlA - 0 u —H ■J— 

^L^-aJI ^LaSl ^_S 4iaji_ <_ujJI CjI_oaa^JIjlII £A^j 1 j| 

^ \ $ -y 11 dh 1_<ill I ^j_o Cj ll ^jlL^I A->^1 1_ c ^ i > 11 

ol 1^5J1 (jVI Ljl» jJ j _^1 ^11J . I tAa \ t CjIj jj(jjJI ^_ ju-ojlJI 

<_lc^jlII cjI^IjJI 4 \a x)l ui\ \ ^.jLOJLi (ji^^ jlII 

dill ^.1 J_^J| ljj I ^j\ A \ La^ <^£.Llil ^ IL> ^ <<ii ^1 

^ oij CL>^' LS-^J •‘ l -9-"-*-*-' LS ® oljjVI 

^ji^I ^ \ \ a s (^jJI aV t \ 11 ^jJlJI S^Islji ljj <(jjjp < ^ 1 !J- < -^ > 

<<JU-2i^^fl 6^SJI ^cJsLi-u <JLj|j\^ll ^jjjLjl^.VI 

^_lc 6^)1^ \ a a 11 £. (jL_ajVI ^j-o 4j^JjlJ I ^LaLlil £>J)S& 

Cj 1 x m^s a \1 1 ^jjj | | 1)) I ^ I - ljj I ^ ( 4jl» I JjJ I 4H I -ui$v3> \^ 


.(( I J^L_u_C I jj J jJI L^-JlS ,_V~vL> CjLlILj L^-JlS ^f\, ~vl 11 ^j\£\ \ 



ij CjI _ui^at \ll ^_S ^>.1^ 


^jl .c_j_ <_aLLo ^1 <Jl^ ^_a ^llll ^ ^.11 <jl»L^jJVI 

■ . ^j^fl I—d-S dxS^JI I d-A 
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jl^ aAI I I jjfc ^_s cjJ 

cjL^VI ^cj L _^_sl_ajL 4^) a Till Qi^JLJ ( jJ) \\a 

4 t\Ujl\ Ji&L*_U Cj _lie I JAS <dilj ^_II 4 _sL-^Ij .4_*J>j-sJI 

JjLo_> Ul9 JL ^° ^8 ^j£. 4-2^-OlU 

v 4i4\TJ 3-iKi^JLl 4.,b-t.aiyi 4 .liu oI jIjljj ^ 

l/ ^1 g-oll^ < ( ^(SPARC) O^L^JI 

3JIS^ (^l^aIUI I <4 j) \ \lI cjI il y I cjI 1 Ual 

(r) (DARPA) ^lijJI 5 jtjj ^ ^^Ul 

J-ojlJI J-^j.aIJ (r) ElectRx 4 ^jLj^-SJI oliL^jJI £jjxJla 


L$~ 


3dj^° O*- * -olilA 

. II (_ ) l 

oUVI f- LcOl <_ul ^Jl jedl ^lll 4 jlL-^^I I ^jl 

^ ^ I 4jl> Iq2N I 01 a <Sv3t \11 1 Hi I ^I 4juljjj^JI 


uj ^I o^'j—oVl ^ £—lJj tA u^l 3 A 

aA^ llj ( jxlSjlL1Ij 4_iej^flj ujisJlj 4_cllil 6^^. I UJ_uAt 

^Ual ^1_cull ^j| j < 4 \ K11 j Ujl t^e^fl j ol oj-oJI JJ aJI J 

Jjjll t—1 A <S (^3-11 <4jLe^jJI 4 jULA-OJlII CjI CU^JUlLL LjlSjLs-O 

jl ^IaJI 4j3jjj2>JI CjIjJ^Ij (£j\ _ ca ^ s ^ _o 

»_sLJ I 4 jul1j ^_Lc jxJI_3t_c a t >j-> u-Sj_<-aj ,jl L^jlSJ 

. 6 a^C. jj) ^ 4 jljl1j (^_53eJ a^II L^VI 

^1 I (_iUJ I I J I I _1c. ^jAjuJ I I _<_ajUlJ uis J 

JAlc 1 111 ^ . 4 jljI jJI 4_cllu^H I J_i (JS_ Jlu jJ 

*_SJ_<_u <JL^.jJJJLjJ I 4_ilI I (J 1 

dlsl jl A Ail Lol (^j,„ ^1 4_>jJ I (J-oe J-oii c_Sj_ <_aj j 4_iJj^l 


^jlI^Jj .<jlsL» ^ ^_S » i l ^ , 1 1 6 jl aAI I 4_i ^5 I j 4_nj) \^. II 

L^_»ljL3uu-ul 6 jl-J^_> jaj- ljlUuuu 4 -»Jj^fl O ^1 JlS \e 1 


<_jkJl yji 

1 4xLjJsI ^ 5j-a j vS^UI 

6 L^ll <CjI a-aj^JUlII ^_S I^-JlS^ ^jxillll ^iaJUa V 

dl h A V ^iJI J^JI Jjlo <4_ul JjJI oil )J v^. lli .^l^o (JiS ^_3 

* SjJlIIj ^IjlLlII jjl An < \a\ll ^ 1c J_ojl3Lj < l \C j j 1 4_»_oJ 1 

jr 

_ ljj I _Jail <4_ ljjjJlLII Cjlll j) \^k 11 aol^l J l^ll^l 

SjjjJI ^_s jklJI ( jx *\\\j .cjL>L<-^^flj _*JI 6 ^x 1 4jaLsj 

^3 4^jAS ljj J_c 6 JJ J ^-AJ ^ird^AAA iLo-call 

. JjJLi j-olaal ^ jJJil ^jjklJI jiJ_(_aj| 

wiS j>ol j <a Alj^^l ej-i_A_al ^llj^. LlL^l i-SjLual ^_^_S 

oUlj^-VI ^j-o 5J a-ajlL-u JjlS-SI ^' Vl_ IIlJ-QlA i 

jjji^lll 4 jlLql 3LS AjjjJJ ^llil jL^JI ^3 6 jl aAII 4_ielsjJI 

4^_>L^Js 4^_aal^ 4_uLij 4_>L~vl_ a_u) J \s ^IlII ^1 ^l^fl (J a A si 


63 


(2015) 6/5 f^ii\ 






























































Jtta/aUat 

! 2 ll€>loom 


8/7 jbaxJI 31 jJLaJU 
2015 





ijr^s. ^3 -d A-^ ■ All ^ UJ1 j._al (_J U i A ' ' ■ ■ <"" Jjl 

<—ia a^i _ujj IjaLL L° LJLc- ^-ju-^jJI Vn ^jl 

‘ » 9 > ^ i 4'\,j_L I da ^ 11 6J^ Ji 31 aj . 

<AjJl_a L^JlLu_uI^j 3l • I <Jl!Ia 1 ^ 1 a A I < U jj xs~i\ 

j <JV jJal j c^-f* ji JjaU 5JLiJI 

UuLJjljLaj LjuiLU £_a JjjLstllJLa 1 V\ £\~\ JA3 .^jL^JlI ^jSa 1 

La ^ a^*j <JI j /^4Sj^J| J-^- * ^Ljljlo_ jUJ I La j\ \AlS*Ts 

. a ^Jj-cuU. <^£JjJjA j->j)<J| lS^ 

jJjlS ^jlII _<_L^fl j j tluJI j \\\\ 5JVI 6A$J ^j^a tj 

. I J-il cJj VTi V iLilj (jOiJJ 


^ xnC ^jjjjLuuJI Jj^aII d ^ (,r) ^ALaJ.I Ci-ol 5 

jjjlj dul^ ^iJI ^L^jJI ^*1 jJi fjitic 2 _jLc<jJI ^1J 

fc.lKll jLlAj L^LkJI j Laj \ \\ \ I La jaJlc ^Jl <ld^. 3 aIa<_L 

6J-A ^ l ^ lo^f I dJ 1 AC. 1-<_u_a dJ-ljLa ^ . 6 JlAX_a d l^J) L> ^jA ^ ^ a 

S^lsA j/> A.A Li^LL <jxil_ill C^^UI JjVU^VI 

5 jlA^. jaJI^A ^A jjfcL^JJ dljl^jl d-ll^ dlJJ J-*_aj .^jJI 

j) < jloAl ^ ( j-£Cs^Jl 1 I JiLk ^j-a ^LalsJJ (^j-^-l 

• dljjJI jaJlc ^_2bJa 

<2)A t xV.^II dl_ uj j ^j-Ia j_aL^J.I (j-a I bb b l\ Ia^j ^jl JaIaj 

<AjaLJI dl^- 3 LJJ ^JL> ^_ 3 L_a ^JLc : Va wj ^ \*\a ^ lid 

d^.ljJI jlj-a^.1 jl JjJJ . I4AxV.^ ^j-a agj ^iJI 

^c_)ijJJ 1 La^ <dJ-UI Jj-S-s ^ <jJI II ^AJj £_a Lla 


A WORLD OF MOVEMENT (*) 
motion microscope (\) 
■ qLjIuj jj%a :j1 ^microscopes (Y) 
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llaajLLa j 


^k iaojUl cjIjJlXJlII Jojjki ^_S dlaJL 

. 1 j_U jJI <2 jlsjJI ^_a ^jlaJI oLj a A jjc ^_ll cj^ _t ii\ \ I 


c-LCja l£j ^_a LJ 5_uj_o jjlC coal^ 6 JA ^jjUl cjIjjjlj 

cjU a nUl cljjxl J^Lk (jA j .j Jju i ^jlS £jaI coca ^-S 

J^.-call . a< t*N \ ^)l^a^.VI da^^J Jjl^aJLaa dJLlaiall 

llkel <6j-e 100 jpl_ill j i^Na ^xa J (j-fi»l)JI j_xC ^£jaJajJI 

£_e Ijljaajxl jl Jja £_11 jl!I (jl_eaaVI dcxj ixjj L>° £“J-*P 3 d 

. dala oLij_ek (j- 0 iij-ek 

jka . jl* aUl JaJljll dJLx ^ a Lekal d, ixjLLII 6JA J-aJLaj 

\ nUl 6JX.I_auu 6jVj_ll ^ 1 v.V ^ 1 C Ijl_ckxl I_1 >j-2x I 

^_a Lftaa^» _aJLa HKj] <<jj_llkj> .K>j _cua^a^a .E> 

jOjoakia 1-1x2j [^j < i~\ a < i^-laa Lea Le daV_£a ^a_eu_eaaaj ^ a xtn iha 

j \ \S\ 11 Joljj .<1_ijlc ijLaJj jjjjoI d_1] *J Jjxa_eula ^jaJaiJ 

^xjLlLo (ja 6 jj^xlll dlaj jaJ AIL dUallll CaLekalll ^jl la Jxxj 

LoLoj jjlji; .^.\aAjJI (JJlxll £_jlc£sL& j (£±AsH ol_cAl 

ixal£-ol 4kQUl 6JA CiJLijj .(jA* 01 1 ^ A^a S £-A 

I JAj < £-JLekjJ L Le J_C<£>J J I (JJJ I_OJ ^ Hkl (Jjj (^J-O 5_l A ill I 

^jJ (IpljV ilal-eaJI^ £jk_ll JaJljll CjVLx ^—3 ^a ja\ 

jLtl \ LojlS Lol .^jjjLoj 1 ^ A (J* Q ^ (^jOil <_Ll_Lll <ojjl^JI <ilaJl 

\V \mA J£.l_caJ (jl ^j\A\ 61a jl^Ja^fl < \ \aC. ^La <LjJL-S 

LT^i L> J sP u' a5—* ^jLoj 

^)Ijj^JI jJalljJI (Jjlo _o << i/*i 11 CiL u-IjlS-0 

( ’LaLaj 4 ^LjLj Cu a J ILl^, 

LulLa \ Q Q < 1 \ 11 \ 1 1 d t ^ ^ 1_ ) X \ ^ d \ \ \ 0 1 1 1 \ i a* A 1 

<1^1^11 ^jaJaSJl j_>j) a^i^II ill jxLol _II 

(jlj-WI <^JLs_o < \1 aC kunu i qjfl 1 <^J-2X ^| jX^lLu (^-1^ 

<^JXX_U jxl Jjlj) <JU. lL»_a UIJJJ Cj Ja laj < LHcj)1A\^ 

<jlLoC Jjlj ^alllll 6JA1 Ho d \1 <^V1 ^jJjlLII jxlLal ^ a 

CALCULATING COLOR (*) 
NOT SO STILL LIFE (**) 
linear algebra (^) 
pixie (Y) 




jLal 


-toiJ^I 1 Jj ^A <_xo1lJx 1I iaj-coJI dl^j 

cjIja*i!I 0^1—f- 2 ^-11 3^^ ^JJ—^ ^ I— 

&l Jl C/ *JL» I^-hSa t—> a ^cjlJ WL» 4 <jjL.aUI 

<L_aj^Lo .d>j <6^j .Z-M> ^Lai*JI ^.U 2010 ^.Lc .Ij^Loxo 
[MIT J^-all 6jjAlil UL-U^JI ^alUo ^] .W.R>J 

<_io1lJl11I ^jjjLlLI (j^gJ la ja j-coj ill ^.1 J_2 xj _cul ^jlaH 

ix^xll lx>l-ll ^ <AjlaU CjIjJlH *-1_cVt^ll 2h° 

CjLjj-c2a ^xcLjuLIIj d^xjJI JlLIj ^1 jxjJI Jj 

dj^lll l_H|a^-II (^1 ^Jl d \W\11 6JA IjJjjx Ski) .ujlaJI 

djua^. ^_a Lju_a_ca^.lj . (Cardiio lOl ^jxiloll 

<i^.LUI _L) Lea Ia-UA xaj d_ AjlUII Cjlal_eaUI da^JLoaSia 

LolO-lojV 


dUllj ‘. JsjUI jJlTvJI ^_a d_e jlo_e CjLa*^-C ^.1 

d xoAxl l 6AA ^oolaaJ < <* ) d_aa^1^ cl)^ cla^aJI-a Li] Ja 

j \Xa\ JaJ_uaJI a^) 11 ^_a loA _euLeu^l ^Jj^jLII nj 

£-loa j| — jxjJI ^ija ^-\^. u (^1 1 x 3 —Ul 

.SjUjJI d-dsjuJI (£±a ^ _1^. ULa dll) ^_a 0.2 j I -Lie j_ JloJI 

i *2 jaj-coaJI ill CjI _cal ni\ ^jl Cxuxj 


a^fl ^_e ^-oLlO- 


XS*i 


LejJ lyxtalaa j| <^JLaj J^-cua ^clLII Jjc^-caaj -UIaoJI 

I JA 1)1^ <dlil ^ _a 0.2 JI l da-Oia d_a_ea_a Jaj^a laalj_taiC 

CjIjOlAoJI i t aJoj jx ILita jJl^S J^-cua Vj(j-cu-e JJLa ^oj^-cUI 

•a>^b LS^ 

<jlj .Y-H> laaJILij _ CU 1 dJa^Ls ^j£- cla^aJI J^iLLj 

U^j] <<{ i -^ E> J [MIT Jl 1,-e] <lSIojS j> lii^LJI j 

Ip d_c^I jljLcuVI L>j^>j 3 [^J^a-e^ ^_a Llalj^ CjL^WI j^j-e ^_a 

^_a jl jC^fl la_cujjLea J_ tix\\ ^_a Lx>l^l JA*JI 

J \eixa dlajUl 6JA Oj-oalj . Sj^jLzxll _ cu^jJI ^-a_exx 

CJ Ijxxx j Lll Ij CjLcjI jlJI 6JA Jjlc ^_ja_cua ^_jljx>cUJ Ja J_eu 

CjiLca^jJI ^k \ iS\X \ 1^ \ < a,lw\a ^^jxi^IjljLII iaa 1 jaijjJI 

d tfliA* d-iLaxa 1 * a a 1 a*\ ^ , da 1 j > K ^-e^xa j ai ^ Sx^IjSil 

^1 ^lej jjJ Jil — k JJj^cl ^1 c jjJJI oljplJ Jta—tijaj 

2P 6jjlaUI CjLckalll Jal_call ^JLejJI JU1I ^jA jJLaasI jl 

. 2/c^-j^a-<-al 1 ^jA-kllaJI 


. j iu^_o SjJlSU-U I O I^^lxJ I dlla Jouxa 

daax_c2> ol jjluja Jja ^jl Sj *iSJL I JjL^j^JI J J^-l ^jSLjUj 

^j£- jl Ja^l jl ^jll jl oLc^alll jaia Lo^ iccA^fl d.it. 1 La 

jJl£. oljl^l^l t^ajLxa ^Hl I dila^ ^jLc^fl —ulo ^k o!^ —uja 

.dliVill 0*2VI ^-2 ijuula 


oLal^j ^Lpui ^_s ^lLall CjUjJI 5jA1 < < ia ^XjJI 

6JA J • LjLcaal d^jja V Jkcua ^_aljJI ^k ciljLxaa L^_aL^ <6Jaj£. 
.joaccsaJI JjJjll (jjj Ha Le^ Ij^. <LxQaj Ij^. 6jaiiaaa CjI^jlxJI 

j^— uua o^l —cuk> ^j^JJI 0 1^ iX \ j-iaka ,J*1—^ (j—oj 

d^jax j^ax_o jl—^^x^lxLJl /)kaa ( A —ll^>.L dlcaJ j—> jAJI 
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6jjJj CiljJJLJ j \\ < \ \ ^£Jjj jG (J-°J <(JM Vn t Lo J_iC. jjloGjJI 

. Lajj-Gj j-uj| jj A^>ll <ajlaUJ 1 dlt Jsja. 31 

W JSI^caJI J> SJ^ 

IGIjjLLoj is_G3l ^.JjGL_oj <LojJjJI InQ sjb fjfLi JjljjJI 3 I 

<Jl«_<jlo 3-°3^ a^l oJjasj o^-LP S Jj jjJI 

3 L£_o ^ xGa G ^1 3^1 <j| LjijijIsuloj 3 I 

6 j-A jlalll 4 -^ja.j j \ \x"\ UVno jGj . jLuJI isu-uj ^G Ijjtj lGGj 33 
3-0 L_uLlLsI bj^-S-H 6 J-A ^3Gj . 6,.u.t^]l LuLI_UJL^. ku<in 3"° 

i^-G-aG 3j"°^ J ^ JjLcaJI 3L > J^-1 ^Lo-lsJI 

iGjia :dilj J-asJ 31 G 1 jLlLo dlLi^-S . 

(JjLujJI 3"° Ij**-a l<J^ <»-^lj^V> iGjia ^-Gjj . <j-L»jl> <Gj 3^J 
t LG *_j_alj_o £_<-G>j I j-Aj < J xAqll ^G GI^jja. J^Lk 

‘AGaj op -jV LS-* C50t^ 

jJ Lo£ <&Jjl£. JjjG ^£jJI JjL-oJI ^jaijJjJ 3Hi) ^_a LuLj L*_2j_o 

.iHo J ■ ^_Lc . aa i ^i^l^i.1 

tf 1 «^l jSV> <1_*jlG-0 <j_ ujJG ^-jjG]| Lkv-flG J-OJL3UJ 

^_s o^—c^l ^-^^3 - ~ ^ ^ 3^ ^ 1c. <_jlsI^» 11 &ifj 1 ^_o 

is_<G3-1 Lsjlj — ej^jJJ JjlJj — jJJ^jlj ^G J^JI J_jJjG 


- u^jw - 

Fvebo Duvawb 

A_uajl^G VGl_ uA 1 >>^d\ jJ^u*vJ\ 2G>>-& i^ 2_oJi_* 

.IVAVT^) GV&G f\\ . i.A.~^\\ ^ 3 r ^ a \ A ^W 


\N\\\\am T. Fveemarv |^ -Sp, 1 

VAW v_i^j_uV^A\ A_> ip\ ^\\ '^\ s 1 1\\ <^j\ 0 \jSi> 

. ^ AAaj_u\ A_3j\\ 3^- Oi'i\ ^ A>“s ^ssWs AaAjlS 

MV\chae\ Rub\rvs\.e\rv 

<33^ i^s— a 3-3- ^j—^ o-* ^—^Vc. < 3 ^ i > n ^ 3 j> 

,3 «-VaA\ Al j^-s. c>\ 3*G,\ aAjsJl^ -^3_i-u\--aA\ Ala_* ■ 



.VJWT ^ r »i\ cAjv-^^A Cjuk^ j-us ci a^^jlIj 


(JjLLLI _ Sj . I J^-Aj iSJr -^' I^J _I| 3-0 6j_J^-ll 

iiaAS Cutj <-Gj_o J\C 33JJI oljjJG jLljlC^L iJ_ jJ_^JI LGjjLLo 
IJ-A 3'lVuj . j -i.n^s.11 lGlsIjJI e-xalj-ll <JU. (J^Loj (J^_ujj 

<jil <iGLq 6j_ \X A .^11 jJsl Jj _lalll 

^jLjJI jjJjlaJI <L^JIji_o 3< o sj . <iaLujLJ 

jjiUI ^Jl 3 j^uVI IILolC ^-ll^l Lojlu <<Cj_<_uj <GL»jkJI bJ-A 3-0 
3^ ^Lk. Lo < 4 juj_<_uLiJI <^JLsla 11 3-° 

6 I n ^ A o| 6 J-iJ-^JI LjuGjjla (Jj^. LjL^j L^2012 f L^ 

c GowjJI 3^ j i j . (i) < jJbj 1 > ^bj (3 u.iAJI j—liCJI 

<JjLo^fl 3-0 I j j£. 3-o Lo^ .<l^. jJI (J^_ lL 3-° oP>^ o^ 

(G^jl^vj 1-Aj \\ < \'s 3^-oj <(JGLJI Ji\c 0< iVGll 

<J_tn^.o <JI 6jl _GiJ <JIJJ 6jVjJI GuJ-2k. (JGL ^Jl jJ JC-JOJ 

L-GlJ I Ljlo^ Lo^ . jGLaJ I j\c ^jd Vnl I <J U. JjJ bjJ &-oj 

J L$jG j I ^-JLO_2k. 3131 6 jLjuGJ ^-Jj i a (Jjlc* _(_ulj 


•O^OJlP^ tJJjJ |J1 ^ ^ 6j^Gil 3>UI Cil^jjJG ^ \ \\ \ 

i (_^ ui\^i 31 3^1 3-»Lg 3-0 33 *^ ^jojlj Lo < I nG-G 3I (^1 

. I J_2k. SjjJi-t-oJI ol^Jl L-Gul cJILa Jj 
3^G 31 3^ 3^^3 ^ojL-uJI LJLclc 1 ^_a 1 \\ olj 

LiP CG-QljGG l ^ \*N I . 6jjJu-oJI L^-JlS j_ ±\1 CjL-AjjJjlS 

— CjLaL^jI ^1 _CO^J < is~> o ol \^w OjJ (J_ jLLLI 

3-0j <<lUaj JS jj£. J—cu^j JS J^-l 3^ — i*—<G| 

ijJI dll J 3 -° g_JJj J . 6 Jj J-~%. ^—tGal j-o j_^G L^_ 1 aj j 1 

Gl IGo ■‘’Lf, | 1 a nr. LlGlAJ Q^ c. 1L> ^ 3 1 ^j-S-o^ 6dAS-o 

Loj jj i_jL_u_^JI iLal_ cujj l^-ol_ <_ujI ^_o <JjLo-o ^Llj 6JjJ-cJI 

.6J^sll <^j_^JI is-jGI i^.1^. 

Jji^j-^-11 dUj L-GjI 6j _uill 3 lP^^ CjIjJ-Sj ^ajk.I jl_l 

L_jj-t Gj > ^ ^ iajj»_o La \lc G^jGj <dilj is^_s_l SS^jJla^aJI 
_lL 6 ^ 1 j-G| JjlGG . 3 j-Ll < \s xAj-o CjIjASjj jjJjlUI 

I (_Jj UJI Js \ Lo-O t £\ \ 11 3 -AO 63$ 1 o 

3-0 6 jUI CJjiia I jl 3 . 1 \\m'\ \ x\"\X ^ ^jj-uJ^fl <_ GLaJI 3 l_S_Lal_ uj 

3 -jjj^-i 3p ‘^_ <GLGi JiLk 3-0 3^^-H ^j-ll jl_ <jjuJI 

j(jj_o ^_o iojG. 3 ^ I jJjuu-u <jGLGJI ^ 1 c. JjjIjj JJ^p. o ^_tGaj-o 

l \ \ x7« L^jlC JJLjj ^>1 _*-JJ ^j-ll JalGlJ <JjlLoj _cuu 3 -^ 3 ^^ 

6ji!l l^J dljJAJLi ^J-ll i^J_tJjJI jjJuJI J-ojlXjj . IGj_GlS 


<<GjlS_o 4 jGjlj_u^_ o (( Cj LL 3 )) 3 ' ^j) ajj <Aju-Gj Ljj 3 CjVLa-o 

<jA2u_u jll io^LsJI ^Jjlsj 3^jJ 13^ 92 13^ 72 JLaJsI^ 

3-0 j-o^fl I j_A aA jjj . I32j-A 82 JjC 3I^j j <j-GlGGGlLI (E) ^-o 

. LoLoj <jl>Lj J jLjCj Jj LoGjj Jja .1 j jj J 

A FLUID LOOK (*) 
computational photography (^) 
computer vision (r) 
color gradient (r) 
Eulerian video magnification (i) 


<Lc 


Li^fl 6jUI lA^ 3 ,J)^ * <«ll jJLXjJI 6 J-2 ^ ^1 <jL-G| 

(r ui-^ 1 L® <<•)—«jVI. 

.^yuj & I JjaJ ^ 


1 4 K A 4 ( 1 4 41 > 1 


t»" y^- J- 


.OJ2IJ 

^1 U>J (j[ G-^l 


.j 3 Sjll 3 >UI ^jGG jJj^g 1 I ^^-GJI 

3j jlll Vj <£.J—cuJI <jjJJ_o 6 JjJuJI IGjj-o j j I J-2». eJ- Jk z'ij 
6JJja_o <lUjj ^1 jlc ( jjl\\ jJLS j ^2L\J l^Gl Lojj <dilj 3_oj .^Jjlll 

^J^J ^ 5-^0 ^GuuJI 3 0 JI Jio > 6 jUI GjJAJ 3 _o 

Jiulij . I 3 GJJ 3 "° dllGj£. 3 I 0 II Gjl-^-j iuj-^JI 6 jUI L-GjI 

jj^ ^_lc 5 JJja_o ILaljJ Jjloj 3^1 CjXcuUI 3^1 JGGj < JjLo-o 
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_ CjLu-uLujI _ 

jj-UI 


olSJ^JI dill ^aLol jU^uAl ^1 J^l] ^1 jLbl J-a jljJVI 
Jja JQ^,bJJ j_SLuj ^jydJ 4.^-u^lj jn.^Ki L^.lx^.1 

jU jjduJ ^aljXI jj jUI Mia Jailj - U Julo ^^laj JJjl ja-aSlj 
.5j^djJI <baa 4£^Ijl 4ajjJI AS Jalal 4^, iY\ll j^lla - (J1 ijjVI 


j^2X jl 4ajJ Jlo <£^caJI jUit^v L5 i& 4bij Jjj-J JS JcuUl JUs 
d j^J Jxa_i J_culJI dlj jjJ J, \X\ \ IfcLuJl jb J-OJ .5III 
^j| *b_uiilb dj^ll <LajjJI jV - s-4a-4b> JSLujj j-Jj - <LajjJI 

JjLu j_i£b ^Ul ^_ij_j_uLdl ^abjjJI ±4Juj . Ifl.ilfc laaLuJl aj),„<A1I 



JjVI jU=X' 


Ju.l < Ll11 £-C> ya 


^lill jltVI 

JcuSLJI-’/ 


j_di 


^y-ubu^l J-lJ-iill 


<4ajjja &Ma ^1 j^UI Oljdu CiL^q 
j^jJI 4JV*u L &yyl As.juj ^1 jOlcu^b 


isu-u^La jjJ i : jbdVl 


«^VI ^>JI 


JcuSjJI j i*ii 

jaaaiJI jUal u-° 
jaCj ^liJI ^Jl 
jj^aUI jsJ . I a^ 
aa^JI jl^l J\ 


Jf” 1 


J-^I J-^ 


4-S_Jjlo Cal_i-uL-o^Jl g-\ ^ *.A 4-O-^.laJl <Jl.jJI ^a (JjJJI 

ikl) Ls .. . jiJl H.iloJL.; 1 ^ a Jail ^_lc 111 ^ till — I_I 

<jV - 6jjl yUl ca^ _ cu5LJl jj*J (averaging utjJI 

.dlJj J)-o j2L£.jJI L5^“ J J)-o 1 \ \ is^'s Jlla g, \ ^ a^II 

l \la 11 CaL_ul^jJI ^_9 LajJLLd <^_alllll aJ-A ljulSj 

^ 1c. a J_iJ-^. <_^ ic <<|j_a jlj ,N> 

L 5 ^i ^ ^-a^Jj <<isLa <_ujJ 1 <^lajl> CaLa^LLo J al a 

.ajla^JI Cal^jJtlll CajJa^. jlc x^i^.^ Ji^ a7i^ 
Ilia.^_cuL_u^fl ujju-oJI ^jl Ll^jJI aaJ 
Lo^ <L^JLa_LI Caj^. Il .^LaJ^Icl ^il^jLal jJb A _ 

j-A IjjUJsl Ca^L«_u^aJI Jj^aj J—<_u^a £/^a ^jl jJ 

I JJfcj — 4lrvl ^ I 4aja ^1 6 jL_u_s ^ I <JULaa ^Jl Cal 1^1 *1 j_cu — 4llj 
^lc L_al^a^JI jlj . Loll j ^j-il^Ial il^JI c-^juA 

^taLlila 4ljla_o ((^ 3 -^“' Cal^-jjl) Cail_ cu^jJI ^a I Lajj-S 

Turning Color Changes into Motion (*) 


^ullll jjLj _ luj web o^JI _ lm ( _ r k: U 23 ^ Lua^l alJ 

3^=1^ J)-oj (3 _jJI J->daall Ijl_ Jjlo^I Jj-a 

:^_l£. jjJjLall 4 jIjLuj J_aLuj^ .A _ijjlII j \\ < \\ A \1^C- 

jka ^LjJI 1 ^ AjidL-ul jaa .(https//videoscope.qrilab.com 
jaJfcJa^.1 (J-t^ajlj • llajJ Ij^Jlo (^jJI < 111 La ^laakl ^aJ 

US .Ija^.Qil (J-oa^Jl ^a J>\jl^. Cal^ja^. La jjC aa lajj-ba 

JLJI dUj^ .L_aaJ^fl ^jljJlII 6 j _iJlalJ (jxiallJI 4^j^. J^-l J ^ 

jjlC jjLaljtjJlj Cal^ja^JI J^JLa jjC aa J-cJU Ca-ola (jL^la iaJLLa ^_a 

• CaLaj 4JL^a ^LLlLI Jj^,.L^-^a L^Ilaj4 j-ujA it^.11 


. L-OLal 4_iJ Call <J-1 J| jl> 4-ajia_o dJU laLlI J_al 

JlallVI wU£. 4- ojl£- Jji^l Jakj J-<-u^a ^ xA 1 Jjla 

jjlaJI 11 a (sSh VJ—^L^JI ija < ^11 jLUl ^Jl jlUl 

>1 4JU 6lAj <(J_cl^Jla 1 r>I» r> ^Lcu^-a U^-a Loa iajlc (J^-ula 

((CaVL a)) iaJa^JI Ca^fLaJI aIa Jjlo <_v xa-ulj . j aallil ^a CaiLall 
Ca 1 jJL3La J, y;3La Lo^ . 5£!jaiJI Ljlc o 1 \ i ^\I j I 4 _ojl*J 1 
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3-a-uj J4 I mV) ^ j^-aJ) qoj .(c) 4£jgJI J(3 fcVi4 4_d 1411*^1 oVl—^Jl 


. jgJJI 4 _)Vj-i d4 jlsIjJ SjlxIj 


j * *<"* 4_lLo£. > 4 JjSg .(a) djggj V 4— IiL!i wL. II <btil j jj_u : J j— ^LlXI gjj (j 11 

o j-cuL^JI Jgju .(b) 3_aTLa l^gtd jj_g o*^ m^ill (j<J <£-tgjj| jj—LlI ol j—xxj 


<julLljJI CjL^-lgjjVI (Jl 9 LaLu ‘ j.“^'b —“Vlj ^j-l^VI ^1 

■LLaj^M (jl .<jjliLa JllaLI .id.1 6j ,.,.ui4l j'-\lj _>jS| 

J*- _tl) ^.lc <J| UJJjL^JI 4 \a jl 1 i—GlCII ^_a <JlL^. jfllVj 4 _Lx-< 2>jJsl 

t_s—^ £*t A^C) A < jUL 11 6dJb <JJj jSJ toVjLs.C 

. 6dA CjljjJuJI <Jl tAl IjJaj I j Ij-ol Cul^ 

.(J^ia-lJ CxtAjjG eJjgLW <JL_Sj_ LjU J_a 1_Jug 1 \U cT\ 11 

^-UaI ^>j| jJI JS-tlJI ^ J-GG 6 Jlfcl-Jug jJJlLU ( ^A <jl£j 


gj-llls] <<j_tlg .J> ^.l_£ ^G j .gJlxLI JJLC jj JjlaJI ^_3 
<c]JljjS^i o> cJ 


Shell 


1 o* 


£- Lolc 



ujlLij dlj A\il Ijj^ ^ ^ j_lC jj JjlaII jgj_Gg [E&P ^jlLLsJI 
cjIjjjjJI -ULgi _<_ul 

J^.1 <jg frljgdGG- 


rdll<L 


oXcuUI ^-JLA^. jJLJ^JD Cxod I < I jAi&J . l^_J <i^LJL-^J.l ^Lculil 

V CjL^J JjulU ^ 1c. J lG Ju-ulA <4_<_uGj j 1 ,_JLllg lg <U-rxJ ^G 

. 4gdGL^JI ^GlJJ ^ I u n 

<C jay a — f-yy JS j \ GG ^.1 Jl~vji _<_ul Jdj 

dll Jj << t<iVi jl Jd-LLi 6jj) 11 — Cj^I _cuUI j-c 

^ ^ 4—Llj 1 w A Lj g. j ^ 11 I JjlLoj jjlC 

JULiJ < 1 ^ J L^_cLajjl C_J<1 _ULJL 2 JI jil 


U^J MIT 


jlLj IJjlII I .^I^jLaVI 

oiLcuUl CjIjJlSU ^Jl ^lajJI ^j-° (jA u ^l^Jal 

J ujldJI ol A A \\ JjjlI ladd 

^JL^_J 1*> C a is \_t?\ 1 £ Vi r\ ^ 6d-^ 

.6i^J ^jlJI < 1 la qll ^j-C dlJj-i 1 L^.jLLj 

jJuG Cj _(-j)j_du ^U-^G _JGJ 

SdjLLlI ^-lc jG.1 VIjlo — Jlc dJL£. jjL^-J — CjJ- i-oJI 

(j^. JjjjjJjJfe jX^Lal Ilau-CL^. LjJJ^LG Jdd .jL^laVI Id^j <^^11 

Cj L^. 1^.jJ I ^-vK^wTiq < <jJ Lc (( <Lj))- j ( JJ> l^Ju_<jJ I ^ I J is~i \ 

^ ** 

J-<-^LiJI ^LtdJI 6J) A mil -LG J_aLJjU jaJ Ljlo I J^.1 • LaJjl£. 

CjdjJI ^_a IJ-^. _ ujj JLkiXlj <_iL*JJ j\x is~* 


SMALL MOTIONS, BIG IMPLICATIONS (*) 
sine wave p) 
the phase of the wave (Y) 
amplitude (r) 


jJLSj ^.LLcu i^-SyjuJ jGlj £jL. l-^JLC J O All Jill jj jX-cudJI 
^Uji ‘jJ-SfiJI JJ —es-L ^>tl 

*\ Aulll Jlalill JjL<G LclI \ \ ^-Jij-caJI J JlLII I j jX-cudJI 

<^30-0 ^_S J \»"\11 (JjULOJ ll^CL SJ . I J I I j ^ _CudJ I 

< (J ^L»» g lGjJlj ^J1>1 ^jgjJl ^jgc. Lc _<-^ 

t> d_>^lJI Ljr.1— l^j . ( ’ r) 4A^l,l 

< 1 a^)L^J 1 4^jgsJI jl „vLo j c_S_ug jj ^ 1c. jjJijLII 

V I JJfe ^jl lg^ .jjJgdll Ji^ aVi! Cr^ 

Igj_uG Jdj .^L^JI j^-kg <JjlojLLI^ 5jlsju-^ CjLaj tig <JLg 

.2013 jxLc 1 \3^ jXi.\V01 Ijife 

(*)£jJljS dji. uA"^J 5jdJU-O CjIG 

4^JjjLo Ljgl5LcL> ^j| 1_VWj) <6J-A JLkJI ^jgl5xg 4_^JljLg uiX-iJ 

L^jgjj (j^g ^_1 ja t^ll 4gl£ Cdl^jgx 6dAl_till jgjgi ^.^Lal 

Jjg-tg -5g-»jg-ulgJI bl^lgJsl jl oVjLjlII JiLk. ^j-o 1 V\^g 

PVC Jl ejjJI jllsVL J^jL^g ^gJI 6 j-JjlsJI j nal <JU-U 

lg jl 4d^Ljgg 6j6J-& Jjt d\cj . lliu<n llju-L ^dlgjLtg^ljJI^ 

GlC jI^jLaVL jAG bjggg islgjGj GjI ^G _Gi 

jgjg-all is Igj I ^.l5A.|g ^gxl^Gj .4_^llAg oldJjI 
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g- juAll JajJ All Aj-A I I jAa cuLij.^jJl I A 

1 V\ sTs <CjLljJI (jljijl JA 3"° ^ i-'uSai I J-%. 6jJl3U-oJI 

.G> J [MIT Jfl all 3^] <3-^1 J A> j <3&jlj> 3~° £_o — 

3 jjA* 6 jlcl 3 a - [oLAA Adobe Aj lL 3 . 0 ] <jj «_uo_c 

6 A dAha I j|j . ^LoA L5^i (^3-11 dJJ-tAI £\JJ 

<^aLi -UA. 5-it-^A J ic _<Afl j.\ All ( 3 £ - ilA A_>jl3l 


^£_lc J-OJLJ 3 ^ jjLi-Ouc <bj_& d>d-A L^jlVo 1 LaJj-S 

.4il\ 1 j 6 JJb * aLx <Al 

3 «a JJ.C jl ^iaV AjjAI ^s.c ^ 1 JlA «_ul LAjI 3 Aojj 

jxdlll (j \—JjAl Jj-A .JjIj call JiiA ^ d-)*A uill 

^J| ^jJjjjLALo ^j-GlAJlU (j-aAs <AI jl *I^-U (jatlo^lj 

*UjJI _UC (JAilUJ 6j1Lojlo jJlC A.J_o ^jLs ^j) jd*U^I 

^-cljjJI gj 1 j-U AV I lj_A _ ujlL LcAlCj . (j-G \\x ll ^/oAjlUJI 

( dJ Lias I jJl! IJ ol >IUI (^-11 dh jLa_call 3* 0 ^jIjA <djLdj J3^ 

c j^J . CjLJVI 6 j-A l$_> 3j,A~> icj-<_u ^_3 Ijli] <J (jl—£ 

djL^.ji.1 <-»jj ^j\a\ Vj . Sjj&UslII 6J_A A _culjj Aad I jAj (A 

3^ 6 Jd^-O ol AAa. A~1 (jilj < AJLslII JlA J_»jA ^_9 

JjlA ((A^AIj^ y^)) A^Ac ^1 iA_<_uL Sj-o 40 j-A Aj_Al 

. d& 1 *t> C I I ^ 1^ J'UII I CJ I^-lL^-O 1 ^ Jo L> 

3 \ \ n I <1_^J-^JI J ^ ^ ^ <1_L2^Cj_J ^.1 jAi_i_ul (jU jX _LOJ A 

e_jL_aAL J | <Oj,^.. m CjIjUA (> I Slj L < _■_». . t, 

LqlA Vj Ij^_ uj (jxuJ j-c^Ls <di!j ^-cj .3 jUJI (J_^.jJI Lj^J 

<Alji_a ^_S 4 ji _i_uL_u I CjL^vj^ < n\ job Jj _Ij-A 

oL oJaJI <Aj1=JI cJlVq As . jjo-olL! ^jLuALjJI (JjlLojJIj jadjAll 

^1 -aaJJ ^j| L>° llljAu I_ ^-aLlj LA jJbljJa 6 J_aI_ tl 


AJ .Hz 500 j 300 ^ L SjLc jljA ol jj jlll ^As <<uAj 
^jIaJIj JaI jJI ^uAJI ^LA) jAL c iA 3 ^-^ ^—Ajl 

LaIjjJLJu-uI <LojA A jA 1 Aj A_cal A. AjJI dllJ J) J4 A\ 1j 

^ ((Strobe-light (jAUjJI pjj-AJI» Alj] <3 >IjSjI .h> 3 a 

<a1 j_Jj . [ ( ’ f) 4_s^.-tilaj| j-jj^sOII 

jju-^aII AAAJI JiLA 3-° j 3^_Ai Ac. 

jALs 3 ^ jA i jA 3 -a^l 3 ^ >=JI 3 J 2 

.^dl 31 JI^AI aA. Ac jdAj HUj j-Jul aV tlI <Aj^. 

^JLJj-au pl3 duj U1 C~\ W A J A ^jjA JaAI A] I q A \ (_ul ^ 

5Ja_cal^J^jjAJI l:^A I_aAj .^jxiAJI _A) 3_° 

<jijj 3 ^ AAc _ a-oj-ILj <Lu All 3 ^^^ ^ 111 3d A 

^LS^d ^)-tjtAJI AjljlC- I ^Lo| ^jjjAJI 

. 4 jljlJL»c 

JA ^ jJjj 3 I ajlj—All ^k - A il 3 ^-ojj 

(^J^.1 jli] 3c AjjAI A _uAj 3U J-cG llAJ ( f -\ _ujl£ 

3 -cAJI jAaII cjI5j ^LaAaAll c»WI 5JA ^_s LA < 6 jjAv j-Ai 
3 is~> £j Aj^.IAjlL 31 j-^dsl ^daJu-aJij . ^ J-tAllLs I J_u 3 J \C 
•3 Ljl1J <_>jL U-s .(33 — ^_^aAjlc jLi^jl j 3jAi A 

Aj call ^ A jjjA JilA 3-° Iddl IA 5 2 ^- 0 ^ I Aj 

jjjAJI 3 ^_3 ( 3 * yAl idle ((CjI Till)) ^_Aj _<-oJ 

_\ j)'yj i — cj^jlWI 4 Ai ^_S li*_c 3° LA ALoj — ^jl_aJl 


JjjAJI JC_JL_ 


JUJ 3^ LAs <dllj JJLJJ . 3 jAIj <AAAjlC <_alA ( 


SdcLooc ^_jl!a <_oj <Ajkll diL 31 LAj .<ju£. Aljj 3^ ■ 

31 ^A — 3 jl>^ dA ^j^l idjoAll 3b A-oi! o^b. LA — ^uUI 

jjluu 1\U L^jI .AAooll j A^t-AI jd^3 3^11 jLLA^I 13 uuA 

du A 3^^ J - ^ 3^ jdLaJ u a j 3 >^A^ju-oc IaAj 3^1 

■ . Jj^JJ jLoOjVI 3c 4 jlA < A <UlJL-V^ jJwljJ_11 _A 

stop-motion photography (^) 
real time (Y) 
turbulent (r) 


- djljdcu^ - 

Eulerian Video Magnification for Revealing Subtle Changes in the World. Hao-Yu Wu et al. 
in Proceedings ofACMSIGGRAPH2012, Vol. 31, No. 4, Article No. 65; July 2012. Preprint 
available at http://people.csail.mit.edu/mrub/vidnnag 

2012 International Science & Engineering Visualization Challenge. Science , Vol. 339, pages 
518-519; February 1,2013. www.sciencemag.org/content/339/6119/518.full 

Videoscope. Quanta Research Institute. Upload your own videos to the motion microscope: 
https://videoscope.qrilab.com 


Scientific American, January 2015 


3-°j i Hz 22 Ac dJj_^ll djl^l^jo&l ^ lc jA jjJI ^ _xc 

oljAuJI j_ lAj <jl1aC dJ^Alj .^j^.^fl ol jj3^ t JLa ^ 

^ A^Ll dlj^Jsl o3jAc 3 ^ Qdc j 132^1 &j-o 30 jl A-c_> AAu^l 

3Ai I 4 AJ <dlj^Jsl ^3 AjlSjulLj JJLC 6 j-A A 6 A 3^3 jiJj .l_SlAJIj 

^Jl-va <_>JJ3 A-c ALsllI ^ lc Aj_AI j_^ ^ c ij A <^^L-vj 

cj I jAjlJ 6 j_lAj 3 _d iAAs (A ^Ajc ^lc I j _tLj - 0 33 ^ 

(J-cju dilAj . ^■joA^j AjjjA ^ 3 fjQ A jA 2 3 ^ 

<^l j^l f'j-t-ju 2ii\ ^ 3 ^ ^‘AcLooIIj £cjlA« 3 - 1 I jjjAJI IA 

. ^A A^l jl djWI ^2 A Au AjlII jJAIJ 

iiiLoC ^ A <la_slJ 313 ^^ 5JjLc-c AjLLc Ljlc jAjLcalj 

3 A <3^^^^^^ 31 J .^LijJ^ J- 2^3 dA 

^ X \ A JAa dH-JL^j .<jcsl 31 6 dA o LiAil j^JA AjjAI c 
4_s_al jJI d^3jL-A I j|j <dil_a_aljJI 6dA Jjlc dlj. Al 1 J_C_<_ULC 

^_s 3 VI 3-^3j .o-xcLlA! Aj <_A JLUI IA 

:Shell 3h° 3 ^^- AjuJI <jls)j-c 5aIAcI Al_dAju_al 

.<LaA .s> j <c>.ut<i .d> 

reverse engineering « Lu-a^fc jojA^-j» 3 I LAjI jJAAj 
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JjJj j ^_cLojL^.V1 Cj—JlS jlll jju—3 lt °— ljjlJ f—^ 

cjI jIsludI (j\ jj Loa ^body mass index (r) ^ m^W 3 IVs 

•du>^ f fl i U J 

l_aJj£ ^d_ll CjLJVI Jjloj ^A jJiGlA ^jG| (J^-OJLjLII CJuLi* jj 

'4 \ \\i C~ < .iVl . ~ < 1 * 1^la < 1^ 4 aL_J1 Q1 Ul^> * la 1 V 1 ^jxiLcul 

oIaLG^I JaU^J 6j_G-O jcGtlj ^Jl W vj^w ^Jj _l^LJl J_ JJ> 

(j\-i -U_>1 CA_ldjGlA SjJuG 4 \ aGj-o CjVL^j SjjLojjJI 

4aLaG| .Sas-Uj i_j_IaII oVillclj ^jLojjJI ujIjJ^aGVI 

<ju_u^jlL!I CjIaVIj 4 \ \ II ^jGIj-o^Mj ^jLUj_ljjJI e-JJj-A-G 

CjLcuI^aII \ ^j|J . I_AjJlAj <4ju_uAjJI ^jGl^O^flJ <4 \ \ lS\X II 
^ Ol 9^ c—i jl^ aGI I ^.j—ill CjIjjJ (jl Ji —^ 5-a^IjJI 

aIc (_) 1 v;< V b> o o V 1 \ \ < m a ^LoLc. c.)*^ UJ 1 

.^jGjJJ I A$-> 4-iLt^iLl _taA jl Axd_cul ^_>a! jljA^fl 

ob—^ '—< J— 

4jlGG 4 \ CjVL^. SjlaGsLLI 11 CjI _<-u_ll ^Ao 

6 jSk\\ aG~ .chronic jet lag (j—&jis I Ci—ii^jJI Jjj-2 

neuronal Saj^ausjlII L5 —U1 JLjGj SjGIaII _tGj ^Ltlll 

.^LoaJI d>° Sja^-o structures 

^A 4 d-s.1 aII LulcL-u ^jJl 4 AjlLo jll ^^jloJlII dlljjVIj 

.dlljG .<_\X-aJ 1 j\ a <ULjj <_1aj L^jl 1 

JjJ jl La j\c — <aLcoU 4 \ \~\ a*^1 4 C \1Aj, 11 cJl^)jl 

5aI_ i-u d>aj_ Lu£.j 4 tS^Lclj 

cjlsJI 4 jlo_cuj La oLi-^wJ_ ojI ^ 1c. D» \ ^ Ai — ^j\ -a ^ La J .A ^ I 

JLLj| oLlU^I LjjlAkLl ^—aj 

4Ua \ 11 ^ ^ ^jJI Cilj(jJj ^-ijLajjJl Cj 1_cLLjVIj ^JjljlI CbLaj)la a 

^jLaj 4 ^>. is~* II alj (j\ _t < i 1 |J jl A a 1 £_a^2>j ^_a dx>4j^> 

^^LaJI ^ 1 I d> ® ^j).^all 6 JjLL11 j _LI ojJ-^. 

■ . Lu^>j_a 1 ^ \ lh>*\ \ ^jJI 

CIRCADIAN MEDICINE (*) 
chronic circadian disruption (\) 
social jet lag (r) 

. Lo (j^-4. »ti1 -\. <i^ H Jjj-aj (j^jLlJ (r) 
circadian cycles ( i) 

. LAjl (jisjljiJI ^ ^j c-ulj-a :hamsters (o) 
circadian medicine (*;) 


- djljlcuMJ £-^lj-d - 

Your Guide to Healthy Sleep. Revised by the National Heart, Lung, and Blood Institute. National 
Institutes of Health, August 2011. www.nhlbi.nih.gov/files/docs/public/sleep/healthy_sleep.pdf 

Tick Tock: New Clues about Biological Clocks and Health. Emily Carlson et al. in Inside Life 
Science. National Institute of General Medical Sciences. Published online November 1,2012. 

Chronobiology and Obesity: Interactions between Circadian Rhythms and Energy 
Regulation. Keith C. Summa and Fred W. Turek in /4oVa/7cesin Nutrition, Vol. 5, No. 3, pages 
312S-319S; May 2014. 


Scientific American, February 2015 


^ cAs.\joA\^ AS AA& 


ojlaj d)^ 4 _o_^.L> 6JjIa 1I d)^ JAjljj .JaAS d)J_ 

. ^_<_alllj JjlvII A-U^LaSu-liVI Ciljjjjll 


1 jl^Sl ^ ^ \ S& ^jI^jaII L^jJI 6JJ& ^j| i—Ai^yLJl d>^9 

night eating MjJ ^bdaJI JjQj ioj^LLo dx^L^ j.ii\dl d^ 

d)-o iUji-c 6jij ^LJI 4_ii d\\f\ coj jJij .syndrome 

4-od)UliL jl 4 jljjJL dxp ' id ^ s J ^ CjIj ^jJl 

. JjJLJ <JUJI 6AA \ _ juuIa (JaJj . 1 nK ^ j I 4jul^Aji_cuVI 

circadian ^jLo^ jJI ^jJI Jl^ ^J1 .<lo ^d>^ 

^jjlj d)1 asynchrony j— j-Aj j 2 JJ timing 

. ^u^IaL^I \ 1^\C Jal \ A^\l J (JLX^^ SjLid)^ 

^Usd djj*/** jl j_SI ^_Lc I < I_ jlj 

Murcia dh°] M> j_j-i <iy>l di- 

.[<^,^1 Jjl_ ^jLa 4_*_al_^. d)-°] <J^>_tli .F> j [<^L_ 

4_jlLoC j ^1 wlS-ll JjLd CjjlS^ dA- 1 ^ 1 JJ ^Jl Ci *^>1^ 

Idx9^J^d d>_ jIj^^Ia dtjL^^ (j-^12^1 

4d^JjljLLi d^^^ d>° 1 ^IdP-ll <^L^I (JLX3 J! 

Oj)* 11 dh° tAJkj -0 p ^J ^-11 d)^l <^L-J1 <jxuuj .d) Jj^.CLo 

^A jjdG ^.LjlUJI JjlG CuAlj-l (J-A 4 AjJl1 4-Sj-Jj _<_uJI 

6 g^LiJ d)^ (_5-^ J ' Loj _<-oJI ijljjJLi 

4-s JJidJl Cbi nl^ju-ul 4_L^.iLx^a (JLojL^.1 U ' L^t Lu d>^ 

<jljIJ j J \Cj 6J sJ-^. CjLoajLo JjAj coil ^jA dx3^i-l jLcjjJI 

.standard SijLxltl S^JI SokjV 


4_ojl^jjJl d)J ^j-11 *h \ 11 Cu^y^.1 I oL~VJ 1 j \ a Vi 


XAL-Jsl 


^J1 Lo Lo yj ^ >J^cT\ AS SjjLojjJI ^jjjLlII CjLcIajV 

CjI^Mc d>°J <4 -U^LaL_uV1 CjL>1 jJo A1 ^A ^_oA | ^Ju 

^^A 6j^Lodxi <cS|j-iAUJJ .F> (^J^d <JLiil (Jj. y a ii ^j-L^A 
-ULcGI oLoj1^)J ^C_u jjlo ^A d)l tl \ A n^sLo l^jAJ jJ 4_»_oL^. 

1 j^jG^a ILsJl _ lL d>^ (jxillll lGVI _ill 

6j-o_<_ui ^dh^j- 0 & J^LS^I d)-^ ^ ^ \ 

<c> uLaJI Iaa ..Gjj .^ ^^aLa. 1^1 Ci—^j-A 

^.Ll ^A SjIIaII j—ill CjljjJ CuAjjlII 3j^ c^ 

d)-G ^IjaII CjIajIj ^j) \ A 11 VI d>° -1 -ujALI jjJI jl) (J-<^*-ll 

c_j) quantification LlaS Ij^j 21 < ^I i^L^d <1 Ula 

jAj-oJJ VjLs_o dx>^ LolJj ^aJI .< d^.1 jJl icl_(-oil ^-CJ) \ A.i^l 

G-Gll ys _ uji I ^A drGj-^ SG_od) ^laLlo I j I db^Li 


^A_u j J-oaJI I U.1 \ A^) 4_(_ujL_aJI ScL-aJI SiC. JGaG 

4_1Llc ^L»i L^.Lu^a 6 j-Gj1jl1I 4j»_ 


ajLllI 4 a! _(_aJI Lojll 


d)^j 4 _uL^j1 4_1 a^> d)J)1 ^Lj 1 t_S_Jdjudl S&j .^_ <-ui\ 4_>1_^G 
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Lu 3^ 1 s 3 I 4_jL2u 3-° _coil ^j^jl^LJI 4_j ^jL> 

£C_JjJI £_9l J_i ^-9 { ^iSaA jAG ^ 33 ^“*J I* (^jVI 

.4jljl*_c CjLi^jJjJ_il ^j_c (G^UAI j| 


(*)a 


4-JJji 4-J ^Jp-aA 


jl fdJLGjVL <_ojIa1I 4 LUll cj!^ _<-aJI ^_AG 31 ^j\ a\ j 

jj^oJL _<_u LA <cjLLuJI CJL 9 I 3 A.I 3 -° j-ijJsl _«-u 

4jloGjJI ALGlII jiJlc ^ If- SjA \ a nil ^J-o SjA- CjL.Vjl3Llc 
J jlLc CjLcjA^JI £_!LaA 4-A. ^ lAlJl 1-Ale. ^JLJLJLi 
<—i 1W\ i (—3J-CU g-LtA9.ll ^j_o I 3 \9^G (jl <4 jAAJI ^_9j 

4_jjLtAL9l ^ 4AjLIGj 4ALGj CjVL^-c ! 6 JJjG-o CjVL^-c 3-° X^-L^ 
3^1^3.tnc < N 3 '’A 3 .^jxiLjJI 4-clc 3^*3 Jl 9^ LJ dll jSJ <<Lu_uLu_uj 
. LjlcI jjS| l^Ullc 33^“* C^l^j-Lall e-JUA ^jl LulIc ^JLJlG 
4jJ jjj-t-all IGLc j!\rv J-O^J ^jl LjulIc l.lv> j-aA LG I LaA 

jlj-9lS 3^^ <dll3 aA9j < J-aa£. 3 ^ 3"°^l c 3a aA*^ Lc jA- 


4jJ jjjllla £-Sll LlGj Lc ^\x 3 < 4_LGA_c Cj Li LiAV 1 a A 11 3j) aAjJ<-C 

. lA 4 < ^>1 -v 11 f. LlGjV I 3-°1 

Jjlo ha<i* cj 1^A.A-> ^Ull <_j Ua \ L_cuajI 3 ^ ^UJI 3 I 

45A-u A AitALn *J j Vu«l j our software LuLl^-sj_> du.A 
IjjjjjJ (V) ^jLu (j— u^j J-^lx JLoju_<_J ^1 4_sLaAI < ( 1 ) 3Aa1 

. ^g-C 1 AV 1 J_(-a^I^jLII ol^Ji_uJ ^-1^- LjljLI_i_»jl2 ^J 

Lit^j (j-a jl—(ji eJjA ^ji 1 aA ji uj—U aA dilj (j —ilj 

£j\j IjAJ 1 ^jlj (J \T\ \ £-JUJj\ ji.llA ^_3 (A ^J1 -oAl <A-jj 4_>ljL0_i 

is_txilj CiljJLiG l^J ji (_£_> ^jjl 4 1 \U11 

iilklll 4_^_>l ujlo 4 \ 1 aC La jjAJXI 

Cj A.L4111 J a^>Aa ^jIj dl iJj (J loAj ^j| dMc jl fiaLsJI 

■ .^jAj-LI jLujlIjI uAH ^jl dluAg < L^jAj J a A 


INDIVIDUAL RESPONSIBILITY (*) 
distributed immune system p) 
Home-entertainment-system (r) 
( j_a) L^_lS ^_ill LI < Aqll (_5-L. <_J.I-C. ‘Luj_ uj 4 ^jl_ <_uja1I (V) 

iLus-j <_qL*JI <_q^L_ll1I £-a i_) j ■ .<1 -V 1 1 

the Dutch National Cyber Security Center (l) 
the Computer Fraud and Abuse Act (o) 
secure Web browsers (n) 
enabling two-factor (V) 
ALljl :j1 (A) 
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ija ydu y, ^ 

I JU^O 9 (J \, A^i A^i Alll ^yA 4_olcJ 4 c^lA Cj>\ C.J) A\ ^ 

J^.1 ^yA 4jLJLO^fl Cjlj - 3LjJlj 6 j l A A 11 Cil _ 1 ^-O^JlII ( CJ I _ OjlsJJ 

. ( ' j^UAi tyA Al-L^l 

<dil^)Li_call ^JLJla ^lA ^1^ <^J^^JiA 1X1 g-1 a A 911 a <nl 

(Y) 3-djitl 4 1 1 < aT\ 11 AAAI ^j-zSLa j 4 nloll V1 J aV<j 

jjAsiJI ^_2 ^jjAJI \\c _tjj AjLalII JLo£.VIj 

(JjWI ^x£.J ^j-O-aAjj IdAj .^jj^JXI djl_ t-LU-uyA j5Aj LA 

CitAlllI y _o| ^9 jLuj_ujVIj — jJjLlLIIj cA^-JI 4_iiaC ^_9 

6 j^.Glc _jG 6j5C.A ^jxuJj ^-lo_<-AL11 4_Aj_o ^_9 CjI _o jAJlj 

LAjI LjlAj .4_cjAAl jl 4 Al3Lxj Cil_ xLlII 4 A A1_<_ul jl 

< Jlill Jjlji _ uj ^-L*-S • Ijd^l _<-uj ^ji ejj _<_uAJI 4\A^ljU 

<jjlj .n>j <(jLcj(j!^ j> (j_oVI Ij t^ (311^1 <2013 ^Lc ^_9 

I 4 A La. I Am The Cavalry jl_all L1» cA_i. 


IjJuJG (JAtlu 31 L^LLcjj yA 4jlJLo| AL^jG ^.LjAII ^ lc. 4\ A^>I^All 

<jlAjJI ^Jl Jic 4_>j\^.ll L-J1 ^-o <^JL*JI ^ 9 

CjLIaLIIj 4julLJI J ol jL call <£.1\A^>j 4 aLxJI 

^j-^.1 SjjLjlc Oj—Luj_> L<A .4_JjAll CjLoI AA'iL 4_L1 xjlU 

C \ 1 I H \ \1 \ I IJ .M>3—JL^ ^^^IjjLjJI ^LaLJI I — <blj_A 

** 0 

Adfjj <BuildItSecure.ly jaill)) L5 -qu-ajlo cA <jAV .z> j 

.*LaI^1 cAjAX oL9julLg jjjIaJ La a! j-^.| 

^_oLlL> ^ 3 >L 1 ^Ua 3 ^ (^ 5 -^ Sjl_ caj jLai eJlAj 

1 V a N-^v. 1 ^ ^LjJ 3^3^ 3 ^ ' 2015/1 ^ ^ aV 1 11 - <Lc.yjuJLJ 

j^jlL bug bounty «3_L^apL-hAVl CjL-SISA)) <AaL 

cjLALA jAlGj 4 uA^LJl .GT> 1 jAo 

^jA 4LG ^ 9 I 3 AI 4_»La ^_oL jjJI 1 j_Aj .4^^_ulll 

j^jAAG A <^_a^.l jxJLsJI ^_9 4 jljL9jJI uj-AIjII 3 aA 9| L^jjJ 

<dllj 3 ^ * 3 J A 9 y 3 ujjjjL. <1 a^> 1 ^J 4 _i^jL a j!a 4 -^.j 

<Jllll 3 \ SJLU ^ 1» 9 .4 A JJlAI J J-Al CjLo^AAI y Axj 3 !^ 

L_^i1 

4_lA^I CjJ 3 c J^^LXL 4\A^l jc_o_c<jl> 4_> L-^lA t 9 a<Vs 

. AjjLG 4 _LclAij| 3 Al^ 1 j) aAjAL> 31 3 jj 3 -° 

3 -a VI j-a-^La ^jAa < 31 j 6 ^)L_u ^Lai 1 a A o 3 Laj 
3-0 <loLj|> ^jxuljjJI 6 jljl L& J9 n ^jjjjAJXI 

4_ojAAjlLI CjIjjVIj 4a,Gil CjL_ujLG 1 1 \la 9 ^j-Ai 3 I I 4 LLA 
A Lo-c <4 jAcVI CjIjJIJlII 3 j^- oL^jVI 

3-oVI yAo 3 jjajA 1 Li . j->j)b>311 Jjl9 <jL-OlCsJI 


f 


Ua 


J Arf-^i 


Xi 

( d ) 


y— 4 -K>» 6-° 


plaG^VIJ j^-JlII 3^jL5 3-0 ^—IUJI jl 
A-^jjG 33 —jl3 ^_Lc ^oil— jjjGJIj ( < 1 1 LaJ 1 

jJjl iajlj cfL’ 6 ^ Jl 

i L^jl9j ljj j I 1 ^ nJ <_G Cj LcjJjlc ^ lc. jG^^X I 

^ jJI 3 -^*-ll 9 .4Gjj_ cajlc ^jL-Aju 6j^.LLc 4_sLA_s j nx < 
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3 «, r, /% 

. cA AtA\ ^ t:\_AA ^ LS^" J^A LS^" ■ ■« ^ A-COJLi 

<j_aj j .E .M> 


y^jVI oSjSJ 


m 


m 


_>A <jA>a. u* LJU. _^jklJI_5 <A—cujl 


Jsu-Uj ^A ^jJI ^Llg (£Jh* -CULO ^j^Lftryjl Cxa-^AJ (J- 0 I 3 X 

i ^a^Vi jcjuI 6 A_A (jl jSjjj .Ofill jlwlLoj I_ ujjAjJI^ 

<cJjlj llj CjIj ^IjaJI A^UI J[j> a.^^.^ ^JLcx^J 

£-^=> c5^ ul^jIj^I 3—-o^l 0-* '—f^-Lul 

^_t^LU t ^ \ iS*> 11 ^AA ■ AjA^-ll (JS jj 1 ^JL \ 1 ~s. 4A ^LjAjxJI oLII 
La ^ 3a xA <sl_ill ^j-° ^£jJl _X^f ^LaLlil _a_» Ci^ aA 

^ —A? JL=^I j^Ijj -J*—^ (S^ f LaJI 

jjVI ^aI^JI o1 

Ij^ ^j-o Mai 


jjJlj I Jj Aj 3 <J_La 400 £._Lu ^jJI 

^-£s lo£j .<QrkJ ^J-O 4jAj^JI &l_ill ujL 


(0 


^Lj^ll C-d^ \ A Vi 11 Cj^Ia CAAjS 2012/7 ^ dJl ^A 

jLiu ^iLcj) j_j^i Cj^.r' <j_oaJi _c d^Ji <_\ a \ u y 1 

^jjjlIo 620 (j _o jt_^_ILaJI 6j^_ uj ^ 

j^-l ^ f—ILaJI 6^—^ O* <111 ^ 9 (JS - ^ 


Oh 


IJ .' By* V$ 
JJ .6L1I ^ 


jx^.ll ^1 CaJI t —* x 

^J| UL^jlj^l J-oC ( JjJ-JjJI L_^U^JI <JU. cj 
6LlU jlj 'y\m'^ CiLL-t-oJ.) 2>° <aj(j4Ij JjJu-Lj 

jtJsu-u c^2 ^^ClA I jl^c I 

^ x ^a l J-oa_i ^—Jl <cjL^-<-ol 1I clL —ti *c^c—II 


^Ikll^ 


\\ <<A )UJI 


III Cu 


1 ^ \ 01 l^» 


CjjI^A^ l AAA ,<aIUJI J-ij-o ^J| i^UJI (JXLXU LaJnC JLJI 
^1 <aILJI AfJjlJ Southern California Edison a£j _cJI 

. Jj^juJI 6 Llci (j-£5Aj ujj_<-<jl> <_>j^jJI Cj^X-LaII 2 h° ca^I 

jl AjuJ &LII MjlLjJ <lLl^-ci t-L juJ j)*N nj (jlj-u ^J!J ‘ ^ A L^l 

^xl Jj Si A mil 3 _oIa| ^Jx |j_<-25^JlxI ^ILuld 4A lx I AAA <J^.L-aJI 
• LV*/ U Lo_o ^Jx I Sj-uS 4 aILj dli^I-t-aj AA L^ll 

) Ajljll ^lAaJlj 61_illj ^aUsJI ^jl ^jia.11 ^j_oj 

^Jx l^_i jJ_c (jlc 4AjlA--sJ1 6 A-A ^)1 ^-03 .jaJLaJI ^A 4 _)lo_A I 

AS Li-uj I < Cj Ltxi l \ a < 1 11 ^-\ is I £- LjL> lj (3 L^ 


A PUZZLE FOR THE PLANET (*) 
powerless (>) 

,<Clll S^iJI < ka . . If-L^UI jJjj :hydroelectric (r) 
the Colorado River basin (r) 
(jj^cJI) the Central Valley (1) 




Ia <<l 


Aj CiA jJI ^Aj .4aUJI AjJjS CjIJ^^ ^ ^Jx ^L^£JI 

AjA-i-uJI AjJjS ^SlLSId ^jl 1 ^\a \ 6 L1I CjLjjj_<_ajlo ^2aS 

.4jaj \l~i 11 <SVAa_c pL^iLI > 4 aaL sj.g. < J 1 
runoff l5 asJsu-oJI jxiaJI <>Lla ^1 Uj^uj jj^t I aI^ L^j 
J jl_<_o cjaj ^a cjIsLaAjaJI ^Llc L^jc lt^II ^jljAl ‘-Llo 

IaAj . AjA-co- 11 c aL-%. ^-aLJI LcIj^I CxaL^. AA <<j_caJI ^j-o 

.^LlII d>° _i-tJI CjIjIjjSJ <jLiLajui_<_u*2) SjAaJI c Aa a AI Lc 

A AX 3jA^ <(j^lsjl 2>° A AX J^l^xj Sl^cA cUa ^Al AAj 

<SA-2cJlII CiL^I ^l^o-o A AX ^ AJt A Aj L^S-Ojo I^JJl9^ ^ 

ci^l^> aVi^ 1 w *1$-*!_ajLlo Lu^jajJI^ 4_>Vj 4 ^ 13*3 

ia^jL^JIj _fcJI 4 aIjS _LLjIa ^lAaJIj illj A fllkll 

JLoxI 4 aLa^I <jILlxi^I (JjIslA CA^fAa-l Aj)^ all jjX. ^-cuLaJI 


jL^ 




oloLaoS^Mj ^^-<-oJI e_Aj_t^Jl ^Llo (J^rv-i ^jL> <aLUJ1 A 0 J 3 S 

aLlSI ^Jl ClAuiaJI ^-dal-cujj .^jjl^. JjAj j I t aJx 4jA^jj^JI 

.<oax ^L-c ^11 <_^Jlll iLll Joj--cS ^1 j^. A^>11 L5 _a wind turbines 

jLa-^ 1 aV 1 ^A j\|A<n ^jl ^LlII <^juC Jj 

.4aLLJ|^ &LJJ ^A 

aLJsI ^ a_^LEJ) ol _ujLluj ^ a t ^l JJ ^ _lala-SJ.1 ^lc. fjj\ _ x "\ \j 

jEcjIj <1o1^jlo 4j-uLu-u JaliUAiflj <,J^l3iJL> JjAjlII ^X lAAjjlII eliidlj 

. ^i)in' 1 ,V I d ' " H ^_sl jJ 


Jft 0^ »l jiJIj fcUlj) <3U-JI oljliol CA-^; jObdl JLjC 
.<_Lo 1 ^jlo SArvlj ^Aojlaj (J^S ^jI ^J1 oEa^III .SJ_ 

LLtliA ,^-lx- l aAiI ^-AjJL Jjjuu-u caIj-aIuA ii^l dLlj ,jl ^^A ciLc 

.^j^SjJsIj ^licall ^.olllj ^aaJIj 4lxJl 

.^Lllj 4 aLUI ^A ^1 A-XJ1 j Jj& 3^ btTkJI ^ i_uo AAj 

^a^aJl cAj. a^i 11 ^Llo -<- u ^ (jl <jJSJa11 ^jlj-ll —oloj 

c $ 

.<aLU- 1 L> a^iS ^sJI ^Lll jlcol3 3^o^l^cll 4xljj ^a ^jAaII 
olla^-a jl j y' algae Ql \\ 1 nV I3 c-dLaJaJI —jA| ^jIa <a! 1 a^ 
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4_iJJLAJ jlo_ iajJI 4_£. Llx^sJ ) 

^cjlLi_ UJ JjJL CjIjIj_ 

.dLJIjj Ij5La j ^IjaJI ^-LaI 

Cj _I_c jJ_£jj 

^jLc LLa <5_a2l j <^Jjay _(_u> 

: J-o J—Jaj Jj-ol Lj^ 

<j\a iiMs-ll -la_ yI ja <1_ojj I 

.^1 jJlIIj aLLIj iilLJI j-j-^llc 
<4 aAjJ 1 ^_a Sjij Laj^. 1 Aj_a j Cj_IjI 4aI j_a <j^.VIj 

.dllL^ 4 jlLjl 1I ^_a 1 *.^4 *y 6iaj Ls U,.V.-vI j^VyII jli 
jay Ll^L^ JayI^ dl 1 ~Y-oy Lla Li <6 Jj J"v ^ jJl£. ^IL 
1\^ 4Q\Ar_jl d j 4^j CjUaJLaJ>l A Lay 4xLa LlaLayL j^f <aLlLI 

< aLII jAY Jj J_2^0 jA£- ^ Jj^JAJ . Cjljl_Lll jA£. 6 Lit I jLjJ 

f-ljD LajIc LaLLL j^f <£alLJl jay Ll^l^ <JayL dill aa L^La 

^j jl <j. ojIj J^l-Ld JaJ jlJ ^Lli^Laj^S ulk^i 

JJ \C Jj^- jaJ .iilLall Jj^Itvay J \C. JLyJLju-uL (Jaaa^L^JJ 

jlj <jSjAJ j-^J *✓*>!! JaJ jl LVN-o y <aL 1 Ij <1 alLaJJ 

<dLa-!l jcIaa L^-LaVI iJLc indoor farms <LlLLIj £jlJ Jjj 

.^LsJI jIjay Jc 

< Jjljl.1 JJ ^ A jJlC jjJLc JII \x\ V <(JLaJ| 4 jLAJlLa < liil 

aL& ^ jJ j I (Jl_LL^.1 JaIJaj . JjLllI 4 n\ f—K*- ^ 

yc. y _clIjJI JsJu-oJI ^Lijjl ^ay <juIjlLc oLaLLLl Jl jjaLII 

. L^LjcuVI JaIjAJ jLa£.^fl Jsuajjaay AjLjj ( JLaajJI jVyH 

< joLLs ju*2 LaJa jJ&LL ^_S 4_a_alJl <^ljLXi ^Jjlo 6 

c sS *—fjfll —“j 

^jiaj La jJlC cJij_lL 1 I ^Llc J^aji_<_UJ tu J_Lli f ^ ^L ^_S l^J 

iSL lc ij^juu J-AJUa ^ ^>~v aA two Straws Lv^< ti n 

— ^ xVl^w \ <is>^JL^JL ^LlLI ^y±JULLA J~ixl <_ul I jLs . 6J ^ d 1 

(jS^^ UJ J ^ J! a A^n <j1 - Lc Ci^J 
^sH ^lac! oL x-qjl^o i^T\ y 1 yi y^j ’-y-*y& 

ji cyaA^\I LujJj f^l— a-o yj^ y* ^^>41!! J.2—<-ui ^_a 

£ 

4 a^ /All 4 ijj aj^*\ II CjLaJlJI Lfej^^ ^1 4 olLIl LaLu Cj-S-S^a 

<^.jJl!a (^jJI J-^-ll Jlolj j .SjJl^jJI ^ _‘-‘J 

■U^ aV> i >^JLA I ^ L-aJ 1 Jj jL^L 

I J-OA^II —<-^l dh 0 Jii.1 J j^AA o—H a 

y * LoisJ 1 j_^.j . 6 jjla^ 1 j yy£-> 

CASCADING RISKS OR REWARDS (*) 
International Energy Agency (\) 
hydroelectric plants (r) 
Lake Mead (r) 
the Colorado River (l) 
the Hoover Dam ( 0 ) 


Loa ^-Hl-va V <J_^.Vl LaJ^.1 jLxacI ^ I < Jjlj_II _& 

I ^ 1c. is jJt 4 cujLua ^La ^a J <jA-\V\ll 4-^wJ> <_ua 

l\a ^a J-*^- Cjl J_!L ^_A-ijJI Ijj&j .4 jlAaJI JLl3LA J_£ 1 ^ \a 


1 11 (JL^a yC*. \4 a 1 sj.1 11 IaaI jl ( x ^aa Lo-c 4 _<JjLJjla 

. La (J-^A^AA ^aJI <AAjl^JI CjVI_ojL^.VI J-A 
ij-o — CjIjI^S jLLaI ( 2 x > A -^^ 0 <dilj £—oj 

6 LlqlLI 4a _<_uL_u^l 4 jljlaJI^ <5lUJI JaJ^a CjILl^. a a (J < ^aAA — (Ja^. 

6 J-A y^^ <4_<ajL Jj)43t I ^^a_oA L-il^-cu <4 jlC.|^jjJI ^ a^> IjVIj 
Ja_u ^1 ja£. j_t^L ^.LLa LjaIa ^j| CjIjI^-II 

J ^jJaJaja 48 ca l-L^^ La<S lkll jsJLaJI Cil_a.LlaJ 

ja^IaJ LLlU diljj <2035 ^Lc ^jVI ja_o cjIjLulL-u^I 
jajII 4jla La j .2014 ^.Ic 1 ^ *4—£> Urv.Ll LaJ ^jJI 4JIL ^Jl 4 a jj I 

4jl^.ja 6 ^L_uL) -a Jjlojlj ^-LL \ 4-HLjJI 6 J 4 J ^JaAjuJI 

. 1 ^ Y ^ is*i 1 Y Y al oL^I JjJI Y Y 41 Y—Y YtilY (( CJ 1J LyAJU-U^ I 

6 J_A 4_Lo1Ljlo 4ajLLo j!_ ojlc! JI 4 ^ L 4_^.La. j jaaj 

yc. Jjjt-oA <K_die 5 JjL^-c y& *2 ja ^^a^JI LL-LaII 

jlL-c_JI ^-CA^aJI jay y& JaLa JJ£. 4_ola . a nil 

CjLyjLjla jLaasaj <lLI _LsJI L^Aja-La ^j-Lj^fl (_y *\ 

^_a_ <_ua y^. J <4jLaAjil y a y H^aJIj 4 y y y y 11 Jj_Y_aJL talLJI 


,_JkJI ^_a j-ajaajJI ^-cLaJI 4aSIjay JI I j_aL^. JiI jJlII ^ILllI 
42LLJIj ^LLIj «4 jJlU <i_LsaIjIII 5J_<<>L<<ll Jaayaj .^IwiaJI J^- 

ol jJIj y—y* *Vtll (JLocLa . LljL aAI jaJLaJI JsLay jj^^f 4 al4-L^. 
jLsaajI ^Laj)j ^_aL4--JI LAjLl LoaI Y^Iaay < LjJAAJj LaaJ ^_a 
JI 4-2^L~VA jjl y^i& .qLyJL^w cdJj y—■Y Y1 1 j y CyL 4 Y <<4 <<0jjlII 
^LoILa jjSi a*y j a y \j\"\ 4aju 4^aI lajLLI 4-1 ju^x II 6J-A 

y/\ c> y^j 

( ) CjUL£a3 4juLL1a jLh-^.i 

jAJaIj 4_3LAyL^. y _cj <^Jj -0 _UJ .E ,R> ^J^^ljJI jAJL^JI jLui I 

^ ji^ji (L yj\ -cuSIa y -J 

1 y 4 JaJ_ ujj <2003 ja.Lc LaUJI 6ja-LL^ay dl _I Jj <4aIjaJI 

^Jay j£. 4 a j ui yII 4a^.Ija _(ajay j auC. I» ^J^- ^J) aAII 

caaajaa aViII 6 j-A Jjj I LiJ .(<4 1 y 4,11 j^loLJI CIy 1 jaaajJI 

<jLaJI <4 %yyII <<^l jjJI <a!_LI <42LLJI :4aay_a^I <_a _oo. JjLa 

. JIL._(AjJI <4aLIjAaajJI < J * Y11 < j^jl I <t_Aj_^Jl <uaLajVI 

6jl J lS*i cJl^\ (^IwlaJlj aI _illj 421LJI ClY^L_LAAY jl lL^.iLj 

< L^-aJa ^j^.| oil^AAJAY j| 4 aI _<AJ JAY l lr\. y*J <4auIa!I 

AjA^J jjLtAaAY jAjLa j) <Jllil Jy WO ^ la 4 . ^-aLaay J--VA (J^- 

^caaaaaj 4Jj 4a ^y jLa iajLa 4a^.L1I j jaJI j 4 q <L\ 11 42LLJ1 y& 

4LLLJ1J 4 4 yIVyII aLlLI jay a jij Jj ^.jj f4 4 yL\1I aL-LI jay AJ_aj 
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Lx-L-u Jlc _(_ul I j Ijj^jj t—iH soj ^Jl 

jl^o 3-° 4 9 \ , ^ a ^4 \\ xs _<_o^Li j 4, \\J jJ jl ^-oj <._ k _Llj 4jljI 

^J-C (Jj-x-OlcJJ dli^Ji_ <-oj I <5IU 4_oj 3 j, Jj 1 4_uL loj^j^jj 


4_!_i-oL-oJ 1 6wl^-S . Jjlill ^-3 L&^-Lj ^j_o <JLLJI 

4_<-^^C 4-LHt_i ^UsulII^ <4_<-<aj_ ujlo ^Ljlo 4_La_)l^jLll 

^3 (S^ 3 JlnU 




ol 


ULJk-OJ £fllkJl CjUsu^-c 3"° J_sj)_ll f-ljD 4-oHaJl ^jlC ^j. 


< 1$ UJL^j 4 m. \ 011 A. \ A 1 < ^T\ 11 jLojlcL 61 ill 4 ^ 11 s AJ £. 33 

JjjJJ < 1^13 4 O iJAll uJjJL-U^L) Jjl^UJI <£.1 jjj 

LlL-u 33 oL-u jloll 6 j_A ^jl Cx$^ jLJIj -^Hl 3"^ 


^_oj ^jl^-cVL 31 LH jJLLJI 3- 0 - 1 Cy>3 .^jAx \ ^_s l ^,*.Ax \ 
.4-o 1 jIL-u-o 3 l>^ L 5 ^ 1 °^ Cj^IjJI djLJLx_3.il 

CiLVjJI ^_Ls .CiLiL^llI 3"° JjJllJI j jJL»l Jill 

3f 4_ul JjlII Jj_II (j-a jHl jl 4 jlLI ^_9 25 <£j_ ^JlII 

6 HI J 4ilkJl 3^ ^L>L& LH J-oJLJ_coJ LH lij .djLLLjJI Jlia 

33“* (jl 3^-°-* diH-HI 4 j_coj j^a lL^. ^jLs <4jJ£.^I ^Hl ^_3 

dlij cJJH 3sj . lx_o fj] ^_S Jjlj_o SdC ^k jHxLs) J_oLc 

( JjIjII ^LxLJI ^j-O jX 4^1 1 ^JAj ^lj^.1 

— ^1 jj£l ^1 ^^JJI ^ Jsl oH Jjl—H j ^ij 

1 aA 0 HHol ^_Sj . c-JjpHl ^j_o CjIj _O _slLall 

OjjS 4_i£.|jjJI CjLLalllj <1_^1 4_>J£.^I ^_<-2sj 

anaerobic digesters a_ul (0 ) ((OLaudH)) <cd_^1 j-^JI 

6J-A jjjdj .natural gas ^ t \ ih jli, ^1 ^\£. J_cjG 

6 j-A L J_kl J CjIajjHII (J-oJUij .4_*_o'2 £. _lsIa^S 4-uJjlII oljUl 

4_lLoxJI 6 j-A ^_S 4 ^>.T\o <4->j) t^x II jlj-ll dL5Lflj ^_1£. CjI o aAL^JI 

^_S — ^_cxilj 5 -j>L^jlJI 6 J-A LjlAjlU IjljI jJj . 3HII jlc 

aij 3HJ - ^1311^ ^;^ti ^i jiij <juji oKoj j^hi 

CaSjJI <6JJ^Jlo jjL^uoj 6-UwV.^w 4^Ua 3^ 

.oLiLalll <^JLx-l 3d^j^JI ^Lllj islLJI 4_iaa 


Ijlj Ho Li j^-1 _^L ^Ixo ^j^-l-oJI Hj-l-HI 61_loj 

J)*^ i O 3^-° <(JLlLI Jjlju_u ^ lx q . 4Jj^j^J 

L 3 ' 11 61 i-o (J-oJLJ caJ lHj^jJH 4jV_^j Ij!^H HI <_uj 

31 .4a£.|j3JI _(-^Ij^l 4 jLs _<_u <^JLxII ^j^-t-oJI 

4 j2JL-js ^-l.^. I ^ lx ^ i ^_i^J 6 <^JLxII 6l_ill 


TECHNICAL SOLUTIONS (*) 
the Scripps Institution of Oceanography 0) 
the Uruguay River (r) 
the Salto Grande Dam (r) 
.^jtVn'l :j1 fracturing = fracking (i) 
.jMoVI hfi-JL :digesters (e) 



j^jjj \ \ 1 <iLl3 L^j tyJLifLiyf$\ I jliojj Lijj-ijl 3 ^^3 (3 *J- > ~^ < n 

oLajj jxilSgS jxiV 4j.iju j_ijjj j-a aaJL> j jjl <2014/7 j(j 1 nil ^ 0 I— 1 XI inn 

Jjlu 4 ^liaJI JjJ^^ (£j 3 «— 


jjlo 31 Lljj,j^jJHj La Jolla ^s ^HILjlHI 4_culja 

11 H:^Ll 1I I jl 2021 ^Lc (Jj)H \ LoLoj l 3>2i 31 3 ^^ ^ 

^jk. Oalaj ^1 jllj 0^11 f—1 Lij >& 

* u ^jh"' ls-L- 

e t_s — 


. 6 LloJJ L& 


O' 




CjI jl^s 4 |jL-o 4_ UJ 

2008 -CiLlj-jJI &Llo JLoxju-uI 4JLijLj J-t-ajj 4 \x 

' 1 ^ssjlLlxJI 3^-1 H- 1 3-t-u l (sS* _ ujuC 

^L j4<A1 6JjJ^j 4_sUa 3 Lj LclIc lIjj^. 4_uJjlo CjL^L 


Jl 

^-jj^l oUixJI 3_° -Las L^Li 3U J.& j_ ljj iaIL t-jjl_^ 

313^ 3^ HH1 3HcJI 3^ IjH <J-oju ciuH Sj Ja£. 

di^f LoJLJ_LU^ I ^ I 4 c 1 ^ 3-11 1 ^)^ J 4 i \ 11 ‘ 4 I 5 LlI I 3j 


^> 3 ^^ ^laLoi ^_Lc 33 LI 31 *^1 aJ^j .4_ijjai 

pL j^ll 3 j 3 j^ J—^ Ijjjj^j 31 3! Cx3d —^HHI 

CjLcILaII Jj ^.1 ^_3 JjjlaII SuJjglJI <sLlo ^.1 q- I jJlII jxl 

JjJ^ill I j-A 6 l_Lj CiArx j|j . 3 j j^\ 3 ^clklll S 1 J^Jl 2 

t> u* jj&i L> <cli ^ L5j^, 

jjlj j l jjj 1 jl i&\ J ( 3 ^ Lli Lx_ojLH I jAx i 3 ^ < J .^JLsJI 
— CjJjlS j I dJjL^ H < 1 —sl_L^JI Lo^_i 3^ 3 H-II i 3 ^>_<-uHo 


L& 1 \ c l^aicul oLloc 3 *L 1 I JL OJLJU-ul — ^ J! 

• <C.ljl^JI ^ ^~~^3 ^ 1 1 ^I 4 g ijU . ^ l_ 3 t_jI^ 

J-ojlj_<_uj 1313_<-oj ^ai ^LlH 3-° <ai ^3 4^13 3^ 

^H| 3 -° <111 ^3 lHIjJl! — <^Ij3I l3L>_ ^ 

1 ^ \ \ < < jj j 1 ^ x 33j I~3 Jl ^3j Lla Llo c-iLa J-ojlj i_oj < 3 UJI 

3-0 4 jlju-<HI 6j-o_cu^fl 3U <aJH . Lfrj-° (j^>LHIj a jjj-ajj 

J3JI j 3 jl 9 Jb3ai 3-0 4 jlL-<HI cjI jjulLIj ‘^ x HJI jl_xJI 

jJ 3 31 3 -C <CjI jl A^j ^.11 J CjI^)IjjHI J^L-UjlLI J-OJLJU_ai 

lHIjJlJI jI 3^ ^Hauo 3Ij .^1 jjlII 4-03MJI iilLxll 4 jlH 
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» - u' LT 2 


Jysjk JjC <6 LlLI (j _a J-aJlA_ 

l^-JLa 4*\ 1 ^ ~s_cuJ Lo-a jA^I <<L)a1aj 4^JI jjlillj SjIaVI jt 


j iillkll 


OJ>U 


\\i\\chae\ E.NNebbev 


C5> 


jjlia 


. 4GLUJ1 Ej \\\ ljL^ jjJA 6 jjJa 

LalU_cuVI 4 aAjlS jimJI &jl_cl LcGaI lla_cuj ^_Sj 


<L^U. 4_aa dJj 1 a^G.tuVI ^iljClj jAA LlcoJI Jysjk J^C 

^aJI 4jalLJI CjlLi^a J_ SjAaJ 6 Li) <jAs SjJaS qLla^ ^_II 

J-ajG_ cuj Lnli <dlj^ .jjUj^l JjC 4 ajI_Cj jIIslWI JjC 6JJL3LJ 

La-a ja^ 1 i I (] ^ ' G>J l__^jLiJ La_aj ImALca ^ ^ i < G I <<^LLJ1 ^_a 

6 J$a^.^Ij jljJ^M ^LkLal J^Ls < I JiVAj .6<^Li-^iU i_^_JLa <loAA_ cuj 

bLU jJj& cGLsaIj fbl_ill -a <JjI_A oLta^ jjjA 4_csLsj^ *\ 11 

J 

^j^Lal ^_S 4 aa I Jal I Jjlu^UJI 4clj,jJ 61 ill j iilLall J aAWI 

^^Jj-a^fl —-SjilJI cAJ— l^JI J^a *I I ^-S-2 .<Loj^La j— aC 

jj^Loci ^_lc <^Jlil <_ ls_9 _2>JI 6 UlI 6jii5Ls jjjin ^jl j_^ II 

.4a _cua_cuJI <2lkJIj ^IajJI Jys Sj^j I_ cGaI cJLu&j 

<4-al_all djLajGJI Jil jl ClsLs JaGI 6 J_A 4GLUJ1 jjLcOua JiaAj 

I j_& • 4 all 3 \ a < 4_s £-Ia jJIj ( ^Ld £_ia cuA V ^jjj-a cull JjV 

J^_cull ^j_a jl <<L^Jlll bLil 5 jlL^jLI LaJ^La JaA ^jlajJI j^IajjJI 

(j\ ^ jla.ll j^aj . LL^.V I^JLoajLcuV 4 qJvdl ^LlLI j^ajj^g 

<^ 111 <jlSj^JI 6 L1I ^iilLU cliL^Ju-uVI <jJlc J^t. \ll ^Ixa 

^JCaL^. ^_S Luij^_s jjuJuj j . j^jJI ^l-La C L^.jla els i_ujJ 

^J I <JtJaijLll LsjJI iilLs ^jl _eujLs ^Jjjl_ i. i j\\ 

t^j-z ^LLjlIsljJI ^LlLI _lc (Jj A^s^.11 L^JLaJLJ_(_ul j\c <_)jL-OjLal 

..Lj^JI jJjlJ l^JL aJLJ_ uj | Jjl£. 1 ^ \ a <<L^Jlil <jl2j^JI 6 L1I 

Jju-^L^JJ s <-JLjl 1I ^Lil JL aJLJ <_ul j-jlLJLs a sj 

<k^ljlll <J caLcaJI CjLs_e^lj_a laJ-t^kJLs 6J .4 idjjJl 

. 1 n% | J-aJLJ ^jJI 

j U tiS \ 11 4jLj jii ij/\, ^j^a s < L^_cajj j s*\ 11 <ILsjl^sj 

J-JlJI ^1 _cul hydraulic fracturing (0) L5 — 

oLUlJI ilill jjlC 4jLuLaJI jLiVI ^j-a ^j| cAo^b 

<j!aJ 1 J^a 6JcLaOLill — ^jl_ julLI ^a l ^ al^a aj — <1_sjLiJI 

<JUL)L*_a ^J\ a s <11 sjl-vj I £_»_ul jj ^ Lisj jjls_s ^I^JI JjlILlLj 

^LlLI ^j- 0 £j jl ^ ci->I_i-a^ jLsVI dllj^ .A cAlsJI ^LJ 

^1 4_sJJlII £sLl1 I _a Cl)Ls jJI^JI ^j^^La^ — 4 jj11I 

. <JLJ> l \ a \*\ 11 jl jll j ^“iLa^fLs 4 I Vs a Jjju jJu_uSjJ I ^jAl jC^ jLsVI 

jLc JLa*Ju_ul jLVI (^1^- jZ-alliJI jr\-ajLiJI JjjlAJI ^jl^-aLsj 
oWI (j* Ujacj ^distillers j—iKiUI jIjasV ^1 ILyil 


“Thirst for Power (\) 
the Hudson River (Y) 

• 1 jLa J J^ 5 (J^ ( r ) 

algae (l) 

. L^_l3 Ia 2>. JLa J^l-txi L>° qIaJ-JI (0) 


. J_|UL»^\ Aaa AoA |> _yA i i v4Ts Ajl_o\j2k. A^ViaW ^ ^_e\l <^aA 6p> 

^ bUNj5iy < {S) <U \ M .llJjl jA^ll\ -^S ^\ aa\^ 

^_i 11 ^“3 • jai AjlaV^ AjlAaa ts j_OJA uLu A~nA\ ^A\jA\ 

.T\N\\\ev@U\cbae\E\NebbeY 


I jl 4_s jJjJI 6 Ll.o dslyilwi-al jjJLJ I Jj^v a sj <ejj_ 




J 



. 4_s*^jJI J/Jsl j^ dl! j_s 

<j-s La j j a n s J .D> JllLal J^a <4_iljjll J^jljll jLt-^j| ^.Li jILl 

vertical 3_JJ ^S. ^j|J—O ^ja-^n [I ^jlj£ 4a_aUs. a] 

Jjlj_ljj ^ la ^ .4jl^.L^.j (, 


,UUa 


> farms 


bljLa J^a JjjJl^ (jJ^ cJjJ-sjjlIs 4 _JLSwla ^jxillll <JIjl1I 

La_s I (] jxjjjI 4_1 jLa ^JLla 4jlsj 11 J jjjj . Lla j_s ^ ^ /^sll eJlj-aoJl 

^j| <AaIA>JIj _cuJJfe J^A ^“jlall 4^iJLi-^ 1 la 1 ^Ji5vA 

^ ** 

^Ln L^JLaJlA_ uji cllj j)-a Vja 4^JL-^ slmll ^LlLI 6 j-A 

(j A \ 3 ^.^j I Jail _ jljV i 4_sjj_aC. 4_C-jj-a (J^-l^ J_ li^L^II 

J)-a VJ-Sj .<1-eajj CIaJjJI ^-2 4_s JaJI isLall icjjll 4 — 2 i.L^. 

<51jI _<-uJI CjLsUlll 4^Jla_a J^C 4_aA^.LsJI 4 jlL-oJI jl jll jj_ 

^JLyall J 4 UI £*lmV ^^LAJxajj ^J\ a s 4 jI_S < 6 jLall I_a^ 

J^a lij .<1 _alLJI L^U. _L^. jSA J^aj (J _uill 

J-aJLJJ *uuLs ,±^ 4 _^.jLLJI 4_sjc^fl £^jjj (j)I 4 jl 2 ejjCjll 
t Anil I 4 t\'i ^L-JI J 2 jlS <QA^I^A_call J)-a 

ClsilLaml <1 _slLJI dlV-^A_cul ^_S dll j 

.(C0 2 ) ^Lu jlc 

^ iS*i 11 cJij-coJ I 6 Lea J1 aai a o I 4jlcu LsJ I £j i^j-cuJ I J j Lacjj 
< jLLJI JjJjj OUa.a J^C ^.LJI JjjAj^JI Jjlcu^I ^IsLu jlcj 
J^G La ^jlcj_cu jj ‘ I 4 .la ejjjJL oLLlcuVI ^ 4cljj 

Uk JaJU_CUJ j CjLjLljJI ^ a ^*s dll j Ja_s . ^LLIj jlall eJ_IklsJI 


JaaLj jL cu ^ 4 K cl! jj .biofuel oLsI jj-^JJ 

JjjLj JjC — 4jajJI J/_cacG — <^Jj.a-ca> 4a_sljJI 4_>jljVI 

• JA~^ ^ jh 0 I I lm J Lcj (f- 111 J^a ds LSjl I 4JI j I 

A _t n Vs JjjAjSJI Ja cu^l ^aLsa JiliG cul LcOaI 1 \ \\ a s j 

JLcujLs ^jxsLcuSa 4jCaL^. ^aV-Oj ^J\ a^s JJJ .4^1UJ1 LilsV 

< (J a ^ II JjjAjSJI Jjccu^I ^aLa jLc 4a^ JA^a jellm \ a Jya 

6Leal! Ej \\\ ClsLsI <4jlUJI JjJja pl^a J^C ^_cullll 

Ijj_aJLa jLall ^^aa cJJ Iaj <(j-jj^l ^cJa_cu Ce^G I ^ saC 4 j2cJLLI 

^jUJI J^IaaII jLc ^-jjA J^lS <^A^.jLjJI J^J^ Lj^^aj 

jjj . 4 jLUJ1 JjJjaJ J^Luj ^ a^y. s <^c-LccuJI ^11 jAUa ^jJI 

.4cLjlcoJI 6jljAiJI (j-a LcGaI jLsjccuA 

Jjljll jL^laiLl 4^Ajk JieaA (^SjJI Jjj-coJI (j\ 
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jXliVl 1 pLuj iui^ Jl Jl X 

<^HxA .^A^l <_si 


-I m1 


o' LT 3 ^ 
■ * 


I Vj . <-xl_3lJI <llL^J 
JuLiX C-| JaJI _ILx 


t^J ^jJuu <<qjc^fl <a!c 1 ^Jc <_t-£^Lk. jL^i (JLojuu-uI LyVn x \ 

jJlC CaIajj^Jlx CJ IJ-Y jl <lLalix Sjlj^. <^.jjJ Q aAjJLA I_o I jl 

C\ y yTy 1 yV\ x yj . 1 a h ^Jl Sjji _Cox Lg-LJj ^xIILy <jl-xj _uux 

Cjljlx ^LaI supply chain j|j—a^l 31 < <il<<i oLLn^ 
jaj .S_u-uUJI <£) ij& J| L^ilkj trace gases Sjj-o 

Jj^JUlILy \x'\'\ Juju I JjjlA Lfl-auAj CjLi-ul a u~X 11 &JJ& ^ a A AJ 
. J^. ^Ijl ^Jl ^LoiJI <jl L$-aLJu <iaAaJIj 


(*)X 


ShUbU OLcuLlcu j-iSdLJ 


<kAI jlll 


JA £j-AJL^ <JLaLaJ Jj^j £XJ 


^A JaH I_a I_die I_ jlaLs < J J_jdl 111 ~<aLUJLy <1_Hxlll 

jiJ <Lu_uLu_uj IatxjJJ_y Ju] <6J^jL1I CjLyVjJI < L^LiLiu_cut 

is*i JxJLAj . jljll 6J_A £jCa <jdjlldl <A*}L*JI IxlxJ 

<JLyj12lA Sjl_C (jj _ ljjS\Q IIJ JlxC^fl J CjI _cuLu_all 


.^j^.1 JI Sj^lj ^Jc 

JjAaj Ixjlc IxaIaj CJ^l^_Jail Ju^u LlaI <J l_A_<_uJa Ixxj 

oLcuLixall ^_cuj CjI^)I^)A jlixul_Y <6J^. ^Jc JS <CjI_ h ju u jjx 

<aILl!I <j_uLu_u jx_i_ulj (J^I^jlAaA fjajxlllj l_a!j _JuVIj 

jx_uul^ ^I^jLAa j ( 1^-jJI ^1 &LJJ ^-lc (Jjj)l y au 

Jjj^xLi^x ^jlII <llkJl ^ Ic \_<_u I 6 Ll 11 <_cuLu_u 

<v_ ^Ia^JI jlzi U^o f -1 JJL-11 4-aul \m ^clxoj!^ ^ ^_S < 1 ^ \ 11 

,j-a£.| jA^.j <6 LloU (^50^^ ^ ^ J_^ ^*1A LilaC 

^Jj-o_ loJI j \*\ 11 . l^J LlIU 

• U-K Lojlj^ ^ 

cj! jl^s o' j—^L^- dl cj-° -Loaxll 1 j_a 

Jj-oj ^jl <(JI—111 Jaj <_u (^1*^ Cjl cuLycal 

iilLJI CjLsLsj JL^c ^-alaJl ,±y^ dl CjLlILsA CjI _cuLu-all 

dliL^Ji_OJ^I <Jjl1a1I 6Ll1I CjIjIajj (b\ \a\\ JLoJLj_OJ^I < 1 1 U11 

^jJJ l!>^ ^jdl <<JULalj-cj 1 J-iJl ^Llj| CjLla2jj ,<ilkU 

a. dU I 4 A n Vy Oj-S^J I ^-Sj < Cj IJjaIq j I jl I_oak. 

J-oalu 6^ 1 S*N 11 jJLil_»_o ^jl jlalmj .^Lillj iilLdl ^dc 

• O' C£-O-'i C5 J Jf J —^ ^ 

jjLcJLjdlj ^Ludl CjLlLoJlI <Laliljdl ^a 11 ^jl 1 dilj^ 

C^JJJ " (j-fiJ <yuuu2>J >j CjIyIaIII (j-s ,.\11 6) Jl 

<jIUJI Jjd^jJ 6 J-i J^. ^-il j-c 5 _cIaV Y^jlJ 1 ^jJjLajLi ^jl Lakj I 

. (ji\\X ILy jll^Jt 11J (^jIaII Jj _^Islll Y Y S~Y CjLlLoC 

NEW POLICY THINKING (*) 
.ULjLcu Calcutta ll*CK (Y) 
wireless data sensors (r) 



J^LJj ^LK4~>I jau < jo^JLy ^'Kolkata ULSJ ^ 4oaj^ ol£ jJLy JoaJI Oxtn^TY 

^Lll 0 L 1 U CjLAxJua j^a SjoaSJI jIo^VI 4_loxi jU <2012 ^lx ^JLii^SJI jlalil 
■ OL4^JI Sjjl£ pLuI ^jljXI SjjJ)S-a Joxj CulS 


<LLi 1 ^ U ^>.J 61_ill ^LiAjuJ iilLdL <6jlj_^dl ^j-lc 6J_alxll 

^J ^ reusa bl e o^ JLdJU—cu^U 

6j(jJ^-ll iillsdl l _YA.'>0 £ o <5 _yJjl 1I 6 loll ^J-Q J S y ^j| dl !j 

. ciU t m I _)£- 6jjLa2dl Cjl-iljLJLiVI J 
<jlSj5Ly J), \xa y I_ojl2 <L I ^jl I_ cola I Ly y^^ yj 

.^-jLoallj CjI LO-CUjlIj (Jjllll ^LlII Jl UOJ| 

^ <_a$ jJI oKwtdl ^_ojj sensors CiL-uL-o^ 
^Jal jJI < dill LjlLo jlajui .6^1 aS ^>^1 ^1 Y^^-ll 

^aLUl ij^xLa ■ <JLA L^-<d 1 LjlLo^JslJLC J Y^ Y 1 jj) J_du I 

lx Ldlc l^Y Y^.^Laa J^-C ^_adAj| ^1 icjUlil (cdjlj_*JI) 

J^jjj . <sLd,l dil^ji—cuV <AiAjJI 6^1 ^Ul _ <-uj J^Atxj 

lx IjJJb <^d^Ju-oil <AjlL3l1I (^jjlyLa^I _uj <jl ^l^adJI 


. l^dliLL JaJjly ^IJI ^JLslII 6loll {j _o <111 ^A 40 j 10 (jft _ j 

spill till d y< i,,.v jjLujl i u^ n_xj <dllj ^11 I jllLcul j 
CjI jJl-» <Xil*dl JaI^ 11 JJj-J ^jl <jLuj 6loll £-AjJj jxUlj ^A 

■ <JLJ >1 A A11 JjI^aJIj oL^LaiJjVI JxJI LlS _<_u <6J-iJ^x 


ll^Laall jel_caA ^SjJI ^jlHI ^xllUll <JJaJI ^jC ^Icj 

.&Llx11 ^x^il^Ju-ul 6jlj| (^1 ^ LoIlaI 
j s \\ 11 jJ-A ejLu_ul • L^J <=-llc. ^A--VJ ^j| clljS ^ yLi^y xn Yj 


La 


jxclLJslj <JIajJI ca^I _^x jlxlcl id) jJlII jI^II i 

JJLC j-yJAj J <<JlL_o 1I <Ju^.^La^ oL^jlaI ^c_Ajll ^ic 1 ^"y Aal 1 
f -\jiJI ^jl Jlrs.^111 .^1 JxJI jLiuA (JIxjl^. 1 il^fjll JjlAJ 

<a| jJj <JL^.^LaaJI ^L^JlaI JC-^jLi JJLA dil^A_<_OA j) J^LiA ^ 

<Ajl <£XJ J <jlaI JX Jajij-iJu <J CajAjjj <6Jjl^. <JUx ^A Jlj lx 
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4_dLUI 


.jJ^ aCJIj ^j)l» 11 <Luijjdl <Lcu ijJsl 3^ £Au O 

J at ^ » (j- 0 SjjLuci 1978 ^Lc ^_oulqJ ^3 4_cujjll ol& da—cu_cuG 

Cj j)^k llj Cal culjjJI j3j-° «sLloJjlII oLu^iJ da—Jj£JI 

< Ljj_cu Lc^ jJIju3jJ 1 j <1 \q »>L~ 11 j)la 11 l_aJ 1 ^ » 11 j <1 \n lat 11 

4_oukl cull dal^cdl iugA ^£j-^.l CaL^-^c UAtf L^jlII da o < A il j 

Idal^ C-T*^ Wf* 
:Cu^SJI ^ ■ 

^ lat 11 a.. \o*\ 11 t "cij ^Jl 4-ccccuj-o 
4 _loJjl1 1 CjUjIH da-Jj!3JI J(g at ^ — 
dauj3-ll 4 ji_oLa. — 

: ^t> ■ 

4 \ f\ lat 11 da j^uJI j CaLculjjJI J^j- 0 — 

Ll^.jJjj^JJI j 4 jlSjulLjJ 1 ^j)lat 11 ^JLatJl * H — 

4_ij jJI <t qlL.ll <julA — 

^QjJ ■ 

(2000 4u-djtJl c1jj~n.11 ^jlLjJI h 1 ~n, 11 — 

(2001 4-uLlJJI «Lat_aLiJl — 

1 at 11 jiMul j_& joL11 ^jj 4 nil I j_& 4_ol3l j^j-o i_QJ^ llj 

f . 1 . Ar VI (JjjJl ^_3j Loj_o£. <_ol Ju _cull 4 jlcGjJI 3A 3”° 4uI3jJIj 

J<: t Vi i < Lcu^jll 

JjJfcGJ aJ^I e\ ^_dc ^ Vi 1 o jJlSJU ^Jj 4_cujjll ^_Jt-cuJ < 1 jJJ 

(jA ti^llj ^jA-cujI^llj g- I^JlAJ I j (jAJLolatJl 3-° 4.3t.cul J 0d£.l3 c-J-ijUj 
4_o_(& Lcu_gJJ (jAjJjj r-l^^~^J ^ 1 A If. c_J LL3 jccu 1 (J^Lk. dlLJ <c-ij-atJl 

ij^_ clu ILaG CjLslaJl 6J_&j .4_LolatJI 1_^uLslaj L$_a_aljj ^_3 

jlatJl ^j-2i <tCjl_cull I CjIjjWII cAI jjl! <4j _cuJl ^_3 jGj-o ^.Lc 

CjLujjJi^JI )) :< cujJ_cU ^Jj^fl <LslaJl 3 1 j a£. jl^j .4 jIaLIIj 

.^jljjli ^ ~\Vi e\ i 1978 ^Ic i i<~> CjJ^£.J ((c-jlj-aJl ^_cuaJl 
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L^jljLoI 1 ^jJI <<j_>jUl SjjIjJI L^-j j-i_ cclo L^JciLcjj 

diJ£. Isj .A cdatJl Gjj~n. illj Cj ' 3 — LT* 

. Lolc jG^Li j-ij-i Lo LLu_u1j 1 irv 1c L^.j_ca <l<_ujj11 

oLaj aLII ja^^il Lei jl l^JcijjLCc <—cujjll J iaG i n't ^jG J-oGj 
. JjAC «l-3i_ijI jaG (^L-S 1 ^ ilc. Sjjaat a cGl^ ( ^11 

<GaJJl <—cuG^j -cu Jilj Jj^jl ^ja.jll 

*4 i^t. GljJi—cu I jlj£.| ^j j —cclo <jca.ljl LJjj ^_oIaG ^1 1 i lat 11 

GaJJl 6lA ^1 j 2 ^l^j (jLjJI <jUlllj ^jisJl j^jLj 

<jr\ ts \~\~>k 11 j 4 _cij-3tJl Q~n ill Cal_ cclcuj,^ f^ljJ-o jL^ 

JjloI la j .4 jUllI j ^jlatJl Cj 1 i ^ n I jj cul j Cal_cu Led 1 JLa-o 

CaLculjjJl ^iLlj j^aJtaJj ^G j fcal j'wn 6JjlI ^jj cull ^_a 

. 1989 ^lIc jdu 2 L_cuj c-jL£ 4_ca cjAc I ^ 3 !^ 


j I i6 JJ-^cJco 4 jJLo ^ ^Aa CaLcul \ *<<11 ^llu^a ^-jJal 


da Lt-cu-uj £\ 1 \ 4jLUj_c<a La lj_o J | < 6 j-cL Ljlc (J Lo ^jxi lj da I j l oV\ a < < 1 

.4 a Wall JjJl^JI 3^a JaL^ ^_oG_a 

^ ** 

^jLa_a 4 > ^ a til 1 j Will da I j l.. a ii^f I 3”^ G-Sj 

:2Q14^u» Jj xGn~n. 1 IjatG^kl <5Jjj 33 3_o c-ajJ jlo 300 

<laJ_o die ^Ul /^((isLbJI J pi jJdl J ^LlLI 

jaJ (^jJI — 3^^! cJ - ^J .4 jJLo-cVjJ 1 LjljJJ^> 1^ 5_aV^ ij-al-lla 

iUJl 3-° Cx^J) J- 1 * _k<~s. 4 3jj_cuLlcu 3j W o o 4 it is\ \ 

- (r) ^|jj_uJLl \^VUJ ^LxJI JLitVI jJI 

^Jt cuJl ^it Gt» 4l1 j o E J--N.1 j 4-0jlalo jaJLsJI)) 3 I (^-1^- 

^ 1c. 6jjliJLa JjjG da Leu Li-ccJ 1 da ^A-ctaj JjJA jL~v-il ^Jl 

«.JSS r lkill 

3l 9^ ^U 2| -ll 3^ _<_d> _cLl Loji_ 

(J!iLiG_cul ^3 J a*\ 4311 ^3 jL^JC^.VI llxicj .£_sljJI dj_cell 

dal_cu Li-ccJ 13 . d^l J dJ-2j da L> ctAa 6 J£- <3 LLJ I ^ LLd 

^J»IGj 313 da LiJJCCCLO 3LAa 4-ijL^.^fl I 4-^^.J dal j 

dal jLlA ^J| Lei £_ SJj la < 3 LLo <^^JI (^3 3j _JjSJI X-h _cu^l 

Jjlo (I dee 6Ldl dl^L^G_cul 4 jJLcj 3jujUI 4_cA3Ajlo 4cljLj^ ^ 

^,lc 4 J-oLsJI 43LLJ 1 JjJjj daLLc-^o j I <4_ijjlll 43LLJ 1 (dal L~n. o 

. 3j.j3JI jLAL^-I 4jG3jLa jac~v-<JI 
^1 Jj\ ^J^- (-.JLJ13 .4_aJiju jjJ LcGcil 4 \ is~\ 3. a Vi II 4 uJjj-ccloJJj 
(—■J-A a ^1 ^LccXJI ^3 LAIJ-O 3 LAI (^J^- 4-CejLLJl dalLiLnll 

^_cul j LlJA. ^-_ijjJ ^wLLG J_1 j _a <Jjlo 5000 J-Sclj ^U_c^l 3-0 

^ L- 3 j ‘^^11 4jLCkaA-cuJI LjIjLlAj 431L11 LajlLcu-oj 3 L 2 GJI 
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da 3^3—cull f -1 AlII -f- 111 -43 LLJ I 4Lcilj 3 I ^.j-^e 3fj 

CjLc^l Aj . l^l_ijlj 4uj3t tS*> ^-cGaj^/l 

^AjJjjGjl^JI j_a_cu£JI 4 jlj3j ^jxccuj-oJ <J_cmao .G> 

3 c 33^tc LS I jl» !4J^ ^3 [U\ A cn3fl Slej Jc^.lj 4~a iJ~N.ll 

31 LLccjlC I jLo^ c^JjJI j cu all 3 -° 3 ^ 3 Li 4 jlj _ceJ 4 K cull 3^. 

■ ((S 3 da 3 Li 4 -»_cuj ld£ JwlsJI J-C-^>J I3| (Ja3j 

the Nexus 2014: Water, Food, Climate and Energy Conference (a) 

the World Bank (r) 

the World Business Council for Sustainable Development (r) 


- djljlcu!U £-CaI j-3 - 

Liberation Power: What Do Women Need? Better Energy. Sheril R. Kirshenbaum and 
Michael E. Webber in Slate. Published online November 4, 2013. 

The Ocean under Our Feet. Michael E. Webber in Mechanical Engineering, page 16; 
January 2014. 
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Joljl l5 j uo ^ j II 4_i^.jJj 4_i4i.iK”dl ^-JLjlJI 

j-* ££— 6 jl^—GJI ^—^>k 

JjJI jIaoVI j-o <^<3 Ij ^g ^g (j-°j ‘Jb^ jljkll 

.<jJlc Ca 1 Jb t " 1 J A < A^*\l kjAllI 

b * n u nG ^a (J^ljJI cdjLij ^oJI Sj-u^JI <jlaJjJI jj ju^I 1 j_aj 


<1978 ^.Lc j_ 


1 1 —j* jJjlLI <Lujjdl 4 j_uijjXI 
cGkj . 4 -ulIjlII oLxj^U j(j * a j_© SjjLl 4okG_ col ciljj 

^-clLjlII (jjLsUlU kjAo_o ^jjLcica &A£. 4 -oIaI ^A kc<akcaJI 4oljjko <J 
L^-A-Lc. cAj col CaI col j J ^k £j^k HJjj <jolj2>JI £-0 —aIaIJIj 

■ (Y) (^ui. < JVI ) wliLijJI ^ 3-UsjUJ <Lujjdl 4 -aItl'JsI kkk 

A* 

*>kk I j)ok.c j \q <,ti jo I j jjkJI c-a^ViI <1988 ^k ^aj 
^^ k jojo k ca_>j <1996 ^k j . juJiaCA ^ujjdl ^JlLII 
£C_Jcc^| <<JLoisJI CAJ) "S. 1 1IJ CALcoljjJI j^j_o 6j1 jl 4oJjO j_£ jjA £-Aj 

caj .2008 ^k £-sjl1 elk ^^aoj <£-4l^a1I ^LxJI jua^l 

V 1 " V ^* s ^jj < LoIaI ^A ^ COOOjJI jjCll J. 3 l 1\J I jk 

^aa .k j^j_cJI oLsL-aLaJI 3 1 (<1 ijJjJI kolaJI 

^A 4ouojlAjCL 11 t G5vll ^\£\~\. Jjl-co_o C.i a £\ < ^jj.c o .1 I I C& jlkl 

lokJ £. a_-clI _coj < lojj co ^3 SJ-ojLslII 


IjlLo | JuAa ((^ jixJI d 1 ^. An ^JULA SLcol jl I j\ aIAC .J (■ I I l_Lo 

<olII <1^1 j ^Ul , ^j |J 4-L1I jjJiSjJI jLuxiVI j-iA^vll 

. 2015/8/14 jjtlco j 

<Sjjajl 1 I <GljU^I _s <GL^. (J^.ljJI «LoKJI 6 . 1 a ^ao V j_i 

j\ ^ till j| LaLao (ji-ll < 4 ola 1*JI <^>ll p-LIaj ^jxclccoG (JL^_a ^ 

(^OlILlo 6 jj-c<aLc (J-aGII <a! ~N. <^.|j 6 f^^Loj (b*-b • LT^ 

<S^clll <_UjaJI <->J J) ij o -S. 11 |xL| .^LJI j ^jxccojoJL A a kS *»j ^ 

^J-IaII j—u-° 

lj^jLiu j^LJI ^Lok ^ o-s. >_aj|g ^ diljj < jV\S j^IaII ^a LooLa 

. l^jLa <_ol jjLcoll <jcojljl 1 I caLaILGLo ^.jko <Ll^I <jLok ' f-lj ^.1 ^_a 

<->jj)ig o-s.II ^a AjlaJJ ^k^fl (j.il ^.11 ajlj LojLa ^j-^ll j> a^>I 

**^ A* 

ciilj (^ 5 ^^ clcoAa < Lcol^J jIacI j^l^JI djl i Vij .<Ojj-cgJI < UlAjaJI 

<1959 ^.UJ ((^UloJI jXjJA^U 4 -laJaJI 4kkJI» jl^JLSU (J M 1 11 

Ljj_co ^A Ljj_co ioj-^v Ca^jlc^I ^oJI ^ la II ^_ul_coV J \ 4 A^k*\l| 

^JLccIa jaj . ^-aiaJI LljcaI CaIjJa ?\ —Ij—julo jm I ^11 ^j_o QI a ~s.j 
^ 11 X *111 djlj^ jii w iiL-Ia <L_LlKjLa ^.a-LaJI JL^-ll ^A <JLa£.^ joJAoJI 
t \«I Jb 1 ! 6 l —^ <1966 ji.Lc Lijj—^ ^Uil 

<1 ' r< a ^ju —cul cLlj A a _i_^j . l^LS ^j—llxJI 


\ c 


^o^ll J-COLA <^)UaVI (klj (^3 . CaI ^ 1^ <^U cLlo JjL-yjo ^A jl^\ll 

^.LjjLaJI CaL^JJ a_c<ai. ^jGlaJa^. (^>\jlol 1 c 9 A ^ kcLi 

.2008 ^lc aIa j—^-lj-11 1 -q^— jl^WI 1 {\^"\» <Aj f.\ \<\ ^ 11 j 
<iiii ££\~y£\ ^_a <J^Loj _II jccljJI ^ i A j_aJ 

I a II ^jl < A^^l ( j-° 1 <3 ^ 1 na 11 A n <lLcL j ^ < A < LA^aJI 

.(jA-aoAjJl coJ^flj j5C.aU L^-aI is~\"\ "s. 1 jJA jjjAjla Ll^.jJja^jlJ1j 

^IjI^L L5 k^.j <3 jLa jJjuas cJ jolj J>A^HI (jG^u kJ 

^_aja_>j £_aaa jl^ j <<-_a^l Ik^lj ( a^_^Jl ^.jjo^a jl^ ca j . j 

(A slol j jJlc^a 1-aLcGjaJI ^JIjlaj <^lalll jljAiJI (J^l- ya 


caIa jicull ^a jkill Sjlc| y&j <<_>jj_coJI CiLa-oLHIj <jlcoLi11 Sjl j>JI 
. j <^>a 11 CaIaILajua ^_q jjlLoj Qjl-^cA C)La-aLiJI ^A <jlcoJjJjJI 

^k Vjl L^-a (jHI <<UlaJI <A.o-LaJI A —LaLaoJI <jLLak. (jk (■ Lao j 

4*<U . : '< \ I ^ya Ca_> LoaAj < <_»jj_ouJ I 4 9 A ^ 11 ^A jLkll 4ojol col (_£Ca| 

jxlajIa 4_a_oL^A <jLALjjLAll ^.jlaJI ^A ^Ijjo^jll 6j a ^LajI 4_LolaJI 
^jJI ((^Likkll olxj-caoJI» Jb^- GocjjUl CaoIG 1957 ^lc 

^jJI I jLajlcoIj <^1_AjIj£.| j-cC. I ^A Sjlll jl-ilA c-.<JlSjO 4o_o I jCa ^.fl-cuJ 
pLiuL > aK AAA <^JIjlII pkxlll jmUmG ^A 4_LcC. 4_> j_cao Lo 

j^jll joij<1971 Ljjooj ^ 4-xaIxJI CiL-uljjJI 

4 all-C. 11 4 jla1ajL1Ij 4jLolaJI Cjja^aJI ^1 ja| ^GjI cok-j j < I — II 


. 4_a_o G/kLaJI ju * ^ 1 , \ VI j jcaJI j-ckG ^_k LoaIj j^ajA^Aj k J a*\ l I jl HoJI t_ ah-C . ^ 4oJAj-o (J^lk j-a 4_c<slk < bjj— 1-0 


4JLaC.U jo <6 J-coc^a jjk V jLcojVI JJ-kj . jL»j L» I kll 

.jao^ dllj j-o jo I j lo jjucc^kj <<oljkGl j 

. (77 4jiA_ok\ 4_cujjll fcjjfc 3^- ^CiA (^) 

.(77 <SciA_ok\ CjLcuIjHI 6JJ& J \ <^i1aj (_>C*o (Y) 


.4oo-<2ci-<2ikiJI CaI jl (3 t ol l (jkl jkk ^ Jl U j Ijjlc jo jJI 
CCccoJI <4o^CoJ| 4 olcoLco^I Lc^jJjkoJI Ca I jGoj_o CaJjLoj 

j^A ^k j—ao^JI j^J-^JI t p jla^H j <k_clGoklj <j— ojLoJIj 
4-c.jlcu joo koiaJI Caj^ aIIj CaLcoIjjJI jSj-^ kjA . jookll j^-ljJI 
J^JlX<4ojj_coJI 4 <;U jl| k, 1 » . ^ 1 1 ^A -**« n A1 i .< \ j » 4_iC. 1» « 


V. 
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Kuwait Foundation for the 
Advancement of Sciences (KFAS) 
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^JL^bJ 

j- 41983 

<j^illll ^LJjlLU ^JjjJl aM / <«11 \ \C- j^j-o 
(LJlkJ) ll^jl 



The AbdllS Salam International 
Centre for Theoretical Physics (ICTP)^ 

Trieste - Italy 


^1 < JjJJ v_l—11 4 jlo 6jjl (_^jl-<_u ^Lo —.C J_> 

4-.-uL.-ujl 1 CjLqL^ _cul 4jt_»lll <Jl2LHV1 6JA J->J^l1 

<JjJ-» <_jjdJI (jAJLola-ll (j-vl-vLJl L.-Tjlo L^_oX J 
j^jll 4Ja-kjjl| 4 jl1jJl 1 I (JjjJlj 0->J^-ll 

:<jJllll L^LJI 

: Post-doctoral Fellowship -1 

^jjX IlcIj 4l uj L^lj-o <6JA O^-jJI 4.1 Loj 

^Jx LI) J^k J o >J^JI 4 JJ J (J^l 3U < i ) I cu 

. ICTP j^jll j^k 1 ^a &ljjl^JI 

: Diploma Students Programme -2 

xul^lU <__>jX 4 JU <1^Ljl! 4_»jl_cu _JLO 

.ICTP Postgraduate Programme 


: Abdus Salam Lectureship -3 

L^jtaJj ^ JJL—cu I i ^ . , v a 4 -JJJLcu JJ I 4 - 1 —jculcu 

^Al L^_ia t^ysj 3 uj < Lite. c_sj j Jt_o ^j-aJx o 2 k. L 

4jlo1aJI Jjljjklll 


Supporting Scientists from Arab Countries -4 
to participate in the activities announced in 
ICTP’s Scientific Calendar: 

(jGl^.LjJ 1 ,J_La (j-a ICTP j__^jll Sjl_>j jk_xj 

^—JicU^>*-11 o—1=^1 ^—a j^Ul l 

L^.ix (jIaIIj j^jll ll^-l <jlo 1*J1 <L_LulVl 

■ 4-JLClLlJI <1 J.L^k. 1 


djLaUl^fl 6JA (Jj^- JJLojla-11 (j-a J->jl 

.ICTP jlL jl KFAS IclccuJIL JL^SVI 


OjjSJI 31131 ILau-iJI 36252 
(569+) 41407222 :cilU 
11407222(+965) :j^ti 
wk.gro.safk@pio:liam-E 
gro.safk.www 


(**)ylatl ,etseirT 41043 ,11areitsoC adartS 
361 422 040 93+ xaF ;111 0422 040 93+ .leT 
ti.ptci.www ,ti.ptci@ofni_ics 
































^lidl duuu^o 

Kuwait Foundation 

for the Advancement of Sciences 




THE SCIENTIFIC CENTER 

KUWAIT 

2000 4±ui 4jLijl 

Founded by Kuwait Foundation for the Advancement of Sciences in 2000 






v5J-^- UjJU ylo-UJ-i 

Dasman Diabetes Institute 

2006 4_L LU 0 s 4 ’ill ,*i » /immcGLiijl 

Founded by Kuwait Foundation for the Advancement of Sciences in 2006 



£lxjAllg OJ-ag^oJU T o ^All gl 1 jtO j_Sj_o 

Sabah Al-Ahmad Center For Giftedness & Creativity 

2010 g jljjlj av^oJLaJI pi-aUU uug_UI g mujgp ojLuJi 
Founded by Kuwait Foundation For The Advancement of Sciences in 2010 




T. +965 22278100 www.kfas.org info@kfas.org.kw n(P)*/kfasinfo 
































